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® high technology advisory council '

March 14, 1985

MEMORANDUM

T0: The People of Georgia

FROM: R. E. Morrison, Jr., Ph.D. K (. Mvw.a_ﬂ_—/
High Technology Coordinato

RE: Preface to the Engineering Technology Curriculum

In the past two years, Georgia has taken the lead in

human resource development of engineering technicians for

the state's industry. This lead ensures that the industries

locating in Georgia, or existing industries plamning expansion

or retooling will have a readily available .upply of highly
‘ skilled, educated, and technically adaptable technicians.

Over two million Georgians have been trained in the past

twenty years in the state's metwork of thirty technical

schools, junior and commumnity colleges.

A quantum step was taken in 1982 when the General
Assembly appropriated over $13 million to upgrade the technical school
programs to ''state-of-the-art" in the electronics, electromechanical and
mechanical techmologies. In that allocation were directives to develop
two year engineering technology programs in the same three fields. These
two year programs for a degree of Associate of Applied Technology were
begun in September, 1982. The new curriculum, highly qualified technical
staff, the latest in instructional equipment and a highly motivated
student body are now in place. Our first graduating classes enter the
"World of Work' in June 1984. The rhetoric of what should be done is
behind us; high technology training for enginee-ing technicians is a fact
in Georgia.

New and expanding industries will find a new atmosphere of cooperation
where the humn resources required to ensure a skilled technician workforce
is available. Productive and credentialed amployees are available with a
positive attitude toward change, adaptability, flexibility and upward
mobility. :
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MEMORANDUM
The People of Georgia

March 14, 1985
. Page 2

Each of the three high technology programs is based upon a solid
foundation of mathematics, physics and an understanding of the fundamentals
basic to the technologies. An understanding of systems, close ties to local
business and industry, computer literacy, and characteristics of the high
technology programs. ’

The Georgia "High Tectmology Advisory Council'' was appointed by the
Governor as a blue ribbon committee to advise the executive branch of
govermment, the General Assembly, the Board of Education, the Board of
Regents and the new Board on Post Secondary Vocational Education
regarding high technology and engineering techmology education issues.
The council is composed of 12 high tectnology industry representatives
in the state and is coordinated by the High Technology Coordinator.

Georgia's commitment fo industry, "hi-tech'" and quality training is
now in place. Contained herein are the coordinated pieces that make up
a comprehensive and viable program in the engineering technologies. It is
in the basics - this is and will te the difference in Georgia's human
resource development product.......... the engineering technician.
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‘ Developing Pre-Technical High School Programs

I. Introduction

There appears to be no end in sight for the information revolution in American

business and indusfry that we presen liﬁrigh technology. The attention of
. the whole world continues to be Pofused on "gﬁgh tech" and especially on the
education and training requirements that it o' tends. The State of Georgia

should be singularly proud that pilot prograns it has initiated, attend to the
major concerns that have been advanced by thcse who are familiar with the

modern technological environment. Some indication of the kinds of concerns in
educgtion and training that are being expressed across the country are typified

by the following:

‘ . An Atlanta Journal-Constitution, September 11, 1983 article
reported that research by Kenneth Hollander Associates reveals-
that top priority for high technology firms as well as most
others in Tocation or relocation of plants is a technically
qualified workforce and an education climate that is pro-
gressive and research-oriented, and that our city does not rank
very high in either area.

The Commision on Excellence in Education Report entitled "A
Nation at Risk," April, 1983 indicts the educational estab-
lishment for among other things, a tremendous weakness in
technical preparation of American youth especially in math,
science, and computer skills.

A study by the Chio State Center for Research in Vocational

‘ Education, co-sponsored by the American Association of commu-




nity and Junior coi1eges. the American Society for Training
and Development, and the American Vocational Association, | .
presented.at the World Congress on the Human Aspects o
’ Automation conducted by the Soﬁiety of Manufacturing ~vs
in August of 1983,.reports data that indicates investm. .t in
’ human capital has far outstripped investments in tech:o!?Q;':::/ | . N
producing productivity gains in American industry. .
. An insightful treatment of high tech issuéi?é;;:zled, Global
Stakes: The Future of High Technology in America, by Dimancescu

and Sitka (consultants based in Boston's Route 128 high tech
district) the context of todays economy, it makes sense to invest
more in education than in steel."

. Studies commissioned or conducted by such yroups as Carnegie

Mellon University (Robotics: Appl,icatioris and Social Implications); ‘
the Upjohn Institute (Human Resource Implications of Rebotics); and

the U.S. Office of Technology Assessment (Automation and the Work-

place: Selected Education and Training Issues); have emphasized

that while education and employee training are critical to the
diffusion and utilization of high tech automated devices, not
nearly enough is known about how this technology will affect human
beings at work to adequately plan programs.

. Research gonducted by the Strategic Planning Department of the
Georgia Power Company in 1982, concludes that in addition to an
absence of leadership, the areas of education and workforce
training were the primary inhibitors of expanded high technology

arowth and development in Atlanta.




. w1111$m C. Missime®, Executive Vice President of P;att-whitngy
‘ Aircraft, in a.presentation entitled "I/m;;ving the Scientifiq
and Technological Literacy of American Youth" before the Aerospace
Education Foundatfon in Washington D.C. on Septembek 15.‘1983
said among other things:

"At least half of our high school graduates never had a single year

of chemistry or physics. Beyond the 10th grade, only six percent of
U.S. students take math. Average S.A.T. scores in math were down
17 percent in 1982 compared to 1972,"
"A Northwestern University report issued in 1982 discusses the op-
portunities which could be available for youth who are pointed in the
right direction; 112 corporations responding to a survey predicted an
increase of 31 percent in their demand for technical graduates as soo
. as 1987. The critical areas indicated were in the electrical, mechan-
A | ical, and computer science fields." |
| “"A survey by the American Electronics Association underscores the
need to fill more than 1£§?000 engineering and 140,000 para-profes=
sional engineering jobs, and those numbers don’t take into account
replacement for workers lost because of attrition." :ﬁL
"Involvement by industry in curriculum development is a must. "No
effort to heln increase public awareness of the need for increased
study of math and science would be complete without it."
It is particularly gratifying to realize that the State of Georgia has
moved aggressively to plan, develop, and implement educational programs at
the Post-secondary level which address every one of these very crucial issues,
We have built in our State a human resource development cystem able to meet

-~

‘the challenges of thesreorganization of work precipitated by implementation
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of m déﬁ% technology. This guidebook addresses arfas which must now be pursued

1n our %6 dary schools so that we may @h@ur strong progress, toward ’ ‘

C
~

] a technica]]y competent population.

Pre-Tedbhical Education o : - | ‘
_\\-’////’— .ough many states h;ve moved to develop educational and t ing programs ,
ay the post-secondany level in technolocy, there has not nearly the same

level of effort applied at the secondary level. Technical education must become ﬂ\\

a priorit) for the high schools or there will never be the kind of broad edu-
cational competence among the generé\,pqpulation that is needed to be successful
in the increasingly complex technical work worild. S
High school students must be trained early in technicaf subjects, and tﬁgy

must be counseled throughout their educational experience in the attitudes and
skills that will be needed in a world that is characterized Ly rapid change and
"future shock." There must be a re-structuring of education around the détiMs ‘
of life in a technical environment if public education is to sunwigg d3iwe know
it. An article by Stanley Pogrow in the Phi Delta Kappan, May 1982 which .

summarizes his study of education and technology issues for the National “Institute

for Education emphasizes the point, “If educators resist demands for Ltechno-

logical relevance, U.S. education could become a victim of environmental collapse.”

Fortunately the State of Geargia through the Office of Vocational Education =~

has resources and data in hand that can structure a strong program of "bre-
technical® education which can provide students with the skills required f?r a
broad range of technically-oriented careers. It remains to implement these
sorts of programs in selected h1§h schools, test them through firm-évaluation

-

procedures and transfer this knowledge to as many schools across the state

as possible. In order to plan and carry out such programs there are a number nf ‘

things that we should know. -

10
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" Some Startling ,;»tatis';igg,“ N

' ‘ \{e must be aware. ;hat the rapid ad.vance of high techﬁcﬂ ogy Has caught

| Americén Education as much by surprise as did the Russian space bombshell of

25 years agé. The deficit we now have in edu;ation has not been so dramatically
driven home as by gbutnik. but educators mi'st take note of faqps Tike these;'

. 1. Japanese and German students take three times SS much science
and math as do American students. The average schoolyear is
240 days; the average school day is 7 hours.

2. Only 6% of U,S. students take any phys1cs at a11.m_0n1y 50%
- v take __z_math or science after grade 10. :ff?’*\\\

steady
in thgb

3. Mathemat1cs and scjence achievement scores have. shown'
wdecline through the 1970's. The mean SAT score in Mat
U.S. dropped from 502 in 1963 to 466 in 1980.

4, The popu]ation of the ﬁ.S. is twice as large as that of Jdpan,
but the total number of engineering graduates in each courjtry
is 87,000 in Japan and 63,000 in the United States. The J.S.S.R.”
produces 300,000 engineering graduates each year. '

" 5, When the country is undergoing neoar record levels of Anemployment,
" the demand for computer-related technical workers igfstill three
times the supply.

by more than 15% a year for the next 10 years. JApproximately
1,5 technicians are needed per engineer and th& demand for .
technicians is expected to grow at the rate of 17.5% annually.

6. The demand for electronics engineers alone is ;;y/cted to grow

. . ! ’ ¢’
An Operational Defirition of High Technology S

Whether in business; industry, government, or personal endeavor, high

techﬁb]ogy;has come to mean the applicatign of the most advanced and sophis-

. . ¢ ‘ . . .
ticated ideas, devices, and processes available to the routine accomplishment

of the tasks of work or of life. The most notable example of this is in the

utilization of micro-sized digital ‘electronic circuitry in the form of computers

" o?‘;?her devices in almost every phase of human activity. High technology has
been character1zed by extremely rapid application of new research to practical

’situations. And an example, there are now available desk top computers suitable

b

7
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‘and affordable for~almost anyone in any office, which are as powerful as the
large and expensive mainframes of jyst,five years égo that required'an entire

staff to operate and maintain, -

>

High Technology Job Roles

What kind of workers then do we in this country-need to prepare? The bulk
_of careers in high technology‘industry (exclusi&e of management & support
servicesf may be broadly categorized into four groups:“

1. Engineers/Designers/Scientists .. ' - .
The research and development bhaseé of technical we:rk are
performed by mghbers of this group. Their primary function
is to conceptualize, design, and graphically or otherwise . he
construct devices, processes, or systems which solve a
technical problem or create a new product. -Educational .
level varies from baccalaureate to Ph.D. '
2. Technologists
.

or applications. engineer. The most cridical function of
“this group is to work with an engineering team to assure
that the preduction process from design to finished product
is efficiently implemented and maintained. Technologists
~ generally Have baccalaureate level training from a techni-
cal institute. ‘ .

o ’The techanogiét is often called a pnodiztion, maintenance, -

.

3. Technicians't

Technicians assist engineers, scientists and technologists,
and usually work under theijr direct supervision. The
technicians may be called upon to perform tasks which range
from those of the tradition$1 skilled craftsman or mechanic,
up-to 1ight examples of desTgn engineering. The technician's
job would require at least the equivaient of an associate
degree in the technical field.

ot J
4, Assemb]eﬁg & Operators

The assembler or operator® job role is exactly what the

name implies. These individuals assemble products or

devices or operate equipment of some kind. While the require-
ments in math and basic skills has increased for these
workers, most industries hire high school graduates or less
and provide whatever training is necessary for a specific

set of taska. .

o v, * 8 12 T
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The first three categories: engineer/scientist, 'techr:olog'lst. and »

' technician, are usually of most ccncern to educational peg;fsgnnel and are the
only ones we specifically address helow. These three classifications should
not necessarily te viewed as vertical in the sense of a career ladder. There
is upward movement through roles, however, which is the result of experience,
further education, or a combination of experience and education. It is often
the c;se that after two individuals from different classifications have spent
five or more years in the work force, the tasks they perform are very similar.
This is usually dependent upon individual initiative, ability, and advancement,
See Figure 1 for a graphic illustration of‘career successiun and training for

these job roles. +

What High Tech Workers Do

A characterictic of the modern high technolt - ervironment is that teams
. of people from traditionally different disciplines nive been integrated to work
' tqgether in producing products. Des{gners, through the application of computer
assfsted design and manufacturing technology (CAD/CAM), now interface directly
with production personnel, for ékamp1e. In combination then, the high tech job
classifications listed above (excluding the assembler/operator category) do the

following:

1. Th#xfapp1y their knowledge of science and mathematics in research
and experimentation.

2. They design and develop new products or processes. They also often
design and develop modification for products or processes.

3. They plan and inspect the installation of complex equipment systems,

4, They often develop and implement programs of maintenance and
repair of equipment systems. : .

5. They may be involved in planning the *construction or production
‘ of various parts of devices or products. Often this production

requires a complex arrangement of manpower, materials, and machines.

9 13
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6. They advise, plan, and estimate costs as a field representative of
a manufacturing or distributor of technical equipment and/or

‘ products.

7. They are sometimes responsible for performance and environmental
testing of mechanical, hydraulic, pneumatic, electrical components
of equipment systems and for the preparation of technical reports
covering the tests performed.

8. They prepare and interpret engineering drawings and sketches.

o

. They select, compile, and use technical information from refer=-
ences such as engineering standards, handbooks, and technical
digests.

10. They analyze and interpret information obtained from precision
measuring and recording instruments and make evaluations upon
which technical decisians are based.

11. They analyze and diagnose a variety of technical problems which
involve many factors and variabies. This sort of diagnosis re-
flects the broadest sense of the troubleshooting function and
requires a knowledge of several interrelated technical fields.

Research with industry conducted at GSU and by the U.S. Department of
‘ Education has revealed that the following skills and abilities are needed to
perform the activities listed above:

1. An ability to use mathematics as a tool. Algebra and trigono-
metrv are essential to the development of ideas that make use of
scientific and engineering principles. An understanding of
higher mathematics such as analytical geometry and calculus is
also necessary in understanding problems in design and research.

2. Proficiency in the application of physical science principles
including the laws and concepts of physics and/or chemistry
that are relevant to the chosen field of technology.

3. A thorough understanding of the materials and processes and devices
commonly used in the technology including how to work with them or
ugon them to accomplish a job objective. This is especially true
of the use and applications of digital computers.

4. An extensive knowledge of a specialized field within the broader
field and the related sciences and engineering principles which
distinguish it from other specializations. (Examples include
computer technology as an electronics specialty, robotics in electro-
mechanical, and machine design in mechanical technology.)

11




5. Communication skills that include the ability to interpret,
analyze, and transmit facts and ideas graphically, orally,
and in writing.

6. Problem solving ability which involves personal initiative
and resourcefuiness in dealing with new and changing situations.

7. The ability to adapt quickly and the willingness to learn
rapidly when changes occur in the technology. Personal study
and update are essential in the development of this ability.

8. The ability to work with many different kinds of people in a
positive way. Work teams may include engineers, scientists,
technicians, managers and supervisors, customers, production
personnel, and maintenance personnel.

Education and Training for High Technology

The education and training path for persons-who wish to be competent
with high technology are fairly explicit. In the K-12 instructional
program the track would be essentially the same for engineers, techni-
cians, or technologists. It should include as much math and physical
science as possible, especially physics. The laboratory experiences

constructed for students should stress applications of math and science

and be conducted by an inductive approach designed to foster problem
solving ability. A “cookbook" kind of laboratory in which students
simply follow a set of guidelines to accomplish a pre-specified outcome
should be minimized or eliminated altogether. The surest way to dampen
the enthusiasm of capable stidents is to deal only with abstract and
theoretical concepts and never apply them to real world (or work)
situations.

Wherever possible and as often as possible, technically destined
students should work with a data processing system. Whether the systems
are "micro” or “mini" makes very little practical difference since pro-

gramming is similar enough to be transferable., Programming languages

17
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are important from several standpoints and should be taught as a fam}ly
‘ of conversational methods with a computer, each having unique advantages
and disadvantages. The three currently most useful languages for techni-
cal students are:
1. BASIC - The universal language of micro computers and many
control devices. BASIC has the advantage of being easy to
learn and widely applicable. If BASIC is learned thoroughly
there is good transferability to higher level languages.

2. Fortran IV - The universal language of scientific applications.
New languades now threaten its predominance.

- 3. PASCAL - Rapidly becoming a widely used language for multiple
applications whether business or scientific. PASCAL is valuable
because it teaches a highly structured and thoroughly docu=
mented approach to programming.

In addition to math, science, and computer courses, high tech students

should take as much drafting and electronics as their schedules can pemit

and their schools provide.- Electronics is the foundation for virtually
‘ all higlt technology, and some drafting/drawing skill is essential for

technical design and problem solving. How much of each would be deter-

mined by the specific technical area and work role in which the student

has an interest.

A high schoo. education alone is not suitable for high tech careers.

Students must pursue more in-depth training of some kind, either at a
technical school or institute or at an engineering school. The military
also still provides excellent technical training at almost any level of
expertise imaginable. The availability of on-the-job or apprentice type
training for high school graduates is virtually non-existent in high
technology. The equivalent of a K-14 education is necessary at the

entrance level for high tech occupations above the assemb]er/operator

. level.

13 J.E;




II. The Geérgia Initiative

The pretechnical program that we will present is intended to interface
with Georgia Engineering Technology program initiated in six pilot Tech-
nical Schools in September of 1982. These programs are offered at the
Dekalb, Augusta, Co]umbus,fqﬂg Athens, Marietta, and Savanhah\Area ._
Technical schools. The Associate Degree programs offer some 1e0e1_of
transferability of credit to-Colleges in this state énd others. (The
snecific kin" and amount of credit varies and shou]d be investigated
with the individual school.)

While the program outlined in this book is specjfically applicable
to the Associate Degree track it also may be easily articulated with
preparation for any other technical role we have mentioned, as the
course outlines and career tracks we present will indicate. |

The following section is intended to give an overview of high tech-
nology with a specific discussion of the Associate Degree Engineering
Technology program in Georgia. Any point that is made in this discussion
applies as well to virtually any technical work role as it does to the

Engineering Technician.,
AN OVERVIEW OF HIGH TECHNOLOGY AND THE ENGINEERING TECHNICIAN

Introduction

The term "high technology" has been used in recent years to describe
and refer to the most advanced devices, processes, and machinery in the
modern world. The phrase carries with it a certain excitement; it conjures

images of sophisticated and marvelous gadgets: computers, lasers, robots,

17
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spacecraft, and the like. These and other fruits of t » hodern techno-

logical harvest, a "bonanza" crop by any definition, are the result of a .
great scientific awakening. They represent a fantastic leap of human |
understanding of ph}sica] and chemica® events in nature and the appli-

cation of that understanding to the problems of human life. All tech-

nological devices and processes - from the monkeywrench to the robot -

are brought about by human creativity and skills applied to_human needs

and aspirations. Thus the excitement engendered by the term "high -

technology" is justified. Those who enter the sphere of high technology

as participants, as technicians, find®its complexity chailenging and its

boundaries ever-expanding.

Engineering Techno]oqi

Engineering technolagy in Georgia consists of three areas or specialties
at the present time: electronic, ! schanical, and electromechanical. Al ‘
three of these strongly related areas are concerned with the application

of energy to accomplish a desired task. Within each area, further specialties
exist, such as robotics (use of electronically controlled machinery to |
perform mechanical actions), and laser electro-optics (the stimulated con-
centrated light beams that can perform tasks as diverse as metal cutting

~

and eye surgery).

Electronic _Technology

Electronic technology is a re]ative]y recent means of controlling
and using electrical phenomena (current and voltage). Electronics is
concerned with very small currents flowing in a vacuum, in gases, or in

solids (hence the term solid state).

20
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Eiectronics is ﬁharactefized Sy the extreme miniaturization of
electricat systems.(circuits) and components. Before electronics
reached its present level.pf miniatyrizatiOﬁ; practical considerations
of space and costs limited its applfcations. For example, miniaturi-
zation made it possible for spacecraft to carry g without the insur-a
mountable problem of excess weight - the vast arlay of equipment
needed to direct their operation. In the 1950s conmputer hardware that
was necessary to accomplish complex calculations required a roomful of
equipment and large amounts of current. In the 1980s, the same calcu-
lations can bsaaccomplished by a hand-held unit running on current
supplied by small batteries.

An important characteristic of electronic technology is that it
has increased the speed by which information can be transmitted. In
virtually all high-technology systems, information is transposed into
electrical signals which car be processed much faster than was possible
by conventional means. The prime example of this, again, is the digital
computer, capable of carry.ng out in minutes, calculations that previously
would have cost scientists and mathematicians years of work. Further

on in this discussion, the efficiency and greater productivity brought

forth by the computer will be examined in greater detail.

Mechanical Technology

Mechanical technology employs the principles of mechanical (Newtonian)
or classical physics in the construction of machines and devices. In
mechanical technology, hydraulic (fluid), pneumatic (gaseous), and thermal
(heat) systems are used to exert force or do work. The mechanical actions

that shape materials and join them together are the heart of technology.

19
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While the basis of mechanica]htechno1ogy has been known for a very long
time, the availability of synthetic materials and new metal alloys is
pushing meqhanicaf technology to new heights of sophistication. Equip-
ment that was not previous]y'producib1e is now possible using these new
materials, with their special qualities such as 1ight weight, resistance
to heat and pressure, corrosive resistance, and so forth., Much of the
production equipment that industry has relied upon for many years is
now being redesigned by mechanical engineers so that it is more durable,
more efficient, and more economical toﬁfﬁerqtp. .

One example of mechanical innovation is the riew generation of rotary
engines; in which the reciprocating pistons, cranlshaft, valves, and so

forth have been replaced by a smoothly rotating shaft with three lobes.

Electromechanical Technology

Electromechanical technology, as its name implies, is a new-hybrid
of electronic aﬂﬁbﬁéiﬁénical technologies. Modern machiner; and equip-
ment are nci isolated systems, but rather combine gJectrénic control
and mechanical action. Electromechanical systems are abundant today.
Modern automobiles are a good example of an electrcmechanical system.
The motive ﬁower of the automobile is produced in an internal com-
bustion engine linked through a gear system to drive wheels, all me-
chanical functions. But the combustion process is measured and regu-

lated by electronic devices.

The Role of the Engineering Technician

Engiheering technicians, whether they be electron:c, mechanical, or
electromechanical engineers, are involved in the application of scientific

and engineering principles in support of engineering activities. Tech-
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nicians generally perform work on equipment; they construct, install,
test, troubleshoot, anc operate equipment and systems, Engineers,
having taken on a more analytical, abstract-role during the past several
decades, tend now to be designers. Technicians provide a vital link in
the process of research, development, and operation of modern equipment
anq\ggvices because they are constantly involved with the physjca1
reality of the moving parts, electrical circuits, and overall systems.of
technology. ,

Technicians work "hands-on" in many different capacities, depending
upon their speciality area and the task at hand. They maintain and
operate e]ectronic'equipment. high- and ultra-high-vacuum systems,
spectroscopic instruments, and many other devices. They operate sophis-
ticated scientific instruments or adjust sensitive instruments of process
control. They troubleshoot and repair machinery used in produc;ion pro-

T~

cesses. Technicians may install or opzrate equipment such as the laser,

eligning or adjusting as necessary. - They calibrate (check, correct, or

" record the gradations) measuring instruments.,

Inlan industrial setting, technicians sometimes oversee certain aspects
of quality assurance and quality contro].; }n such a role, they may
measure performance parameters for a given product, using stress testing,
X-rays, laser interferometry, and other processes to, determine the pro-
duct's strength and durability. They test matérials for their resistance
to heat, vibration, pressure, and chemicals. Technicians may provide
important information to engineers and managers about problems that
arise in ;roduction processes and materials.

In a research setting, technicians,of@gn assist in setting up experi-

ments or test equipment, in gathering experimental data, and in record
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keeping of experimental data. They build and install test equipment,

troubleshoot experimental setups, and inform scientists and engineers ‘

about the behavior of equipment being used 34" gather information.

The development of new technologies requires a continuum of human

resources that extends from the craftsperson to %he engineer and —
" scientist. Technjcians must be more highly trained for a broader role/

than criftspeople traditionally have been, and they have a support

role in relation to scientists and engineers. Technicians may work

directly under the supervision of engineers or scientists, or they may

function relatively independently day-to-day to execute the applications

indicated by an engineer or scientist.

Broad-Based Training and Lifelong Learning

A very important aspect of the training of an engineering technician v
is that it should be broad-based and includes the fundamentals on which, ‘
many specific systems are based. A person training to become an auto-

mobile mechanic would hardly wish to be trained only on the operation

of the Datsun 280Z. While so doing, they might learn a number of things

twat apply to all cars, but their education would not mean nearly as

much as if they had rece%ved a more generaf background in auto mechani;s.

The military demonstrated the difriculties associated with ignoring this
principle when 1t began training radar technicians. When people were

instructed in the specifics of one type of radar system, as old systems

were modified or new ones introduced, they had to be completely retrained. |
These technicians were not informed about the underlying principles of

the system they hid learned in such a way that they could quickly adapt

to a new system. '

4
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Training as an engineering technician must include the fundamentals
on which the sophisticated tools of the hodern world are based. It is
eﬁsentia] for engineering technicians to knqw far more than what to do
in a given situation; they must know the "why" of their actions. They
must be problem-solvers, with multiple skills and knowledge that égn be
applied where and when needed. ~.

The fundamentals of engineering technology in&]ude mathematics
(algebra, geometry, introductory trigonometry), physics,.electronics
and mechanical devices and systems. A very important éspect of the
technician's training is communicatipns.

And the good surprise is that these subjects are only the beginning
or, more correctly, the beginning bf the beginning. The engineer{ng
technician wﬁohwants to remain on the "cutting edge" of new technologies
must be committed to a lifetime of learning. Those whb are content with
their early training and do nothing to add to it throughout their early
career are 1ike1y.t6 find 10 years from now that many of their skills
are obsolete. The breath-taking pace 6f change that we have b~en exper-
%encing i the world for the last 30 years is going to accelerate.
A]read;'the time between a new discovery and its'implementation in

_technology is decreasing. Fot eiamp]e, electric motors wg}e not put
into general operation for moré than 50 years after their discovery,
while computers took half that long to grow from the first models into
a vast industry. Integrated circuits began to be gengrally applied
only three years after their invention. So we can expect changes of
the same magnitude as the ones that have taken place in the last 15
years to have occurreq again in the next five to seven years, Watch

Out, Future Shock! Only the committed technician.need apply.

™
N,
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y Fortunately, companies and other employing institutions aid the
'willing technician in increasing his or her knowledge skills. Companies .
are most eager to tra1n graduates of two-year technical programs who
have already received a ground1ng in the basics of electronic and
mechanical systems and, in so doing, have demonstrated a degree of
commitment to a career. The technician learns much 6f the newest tech-
.nology on the JOb through the day-to—day exper1ence of solving problems
_and working with knowledgeable people. Many companies have in-house
specialty training courses or send employees to be trained.byvconsulting
educators or for umiversity short,courses in some specific aspects of
their jobs.. . S : | '
| This, then, is the kind of career on nhich technicians embark. o l .'
. Engineering technicians must, make a commitment to an education in
fundamental principles of technolog\and a subsequent Tifetime of . '
learning. The rewards of such an intense involvement include having

a heady position in the frontier of human know]edge, ga1n1ng the deep’

sense of satlsfactlon that comes fi-om 1ncreas1ng one's competencies.

and maintaining a degree of job security unusual in our economlcally | /
fluctuating world. o | "\. .
. - . ‘ : A
Technology and Productivity ' .

To fully understand the impact of technological innovations on .
society and the roie of.an engineering_technician, we need_to examine . -

o
[y : \

the relationship between technology and productivity, and the economics
of competition for world markets.
Productivity refers th the amount of materials or services produced
in a given industry, as it relates to the labor, capital (money invested), .

natural resources, energy, and other factors that are put into the pro-

L]
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ducing system. At the risk of making a very complicated subject seem
too simple, productivity can be described as the comparison of what comes
out of a system of production to what is put into it. Pfod&ctivity and |
the factors are generally agreed upon as critical in the prnductivity
rates of modern industry: ' .

. Improvement in production process - the introduction of better -
technﬁﬁogy (requiring large amounts of capitai). ) |

. Existenre of a trained workforce té implement and uge technoiqggcal

advancements. )
. Cooperat;on and mo*ivation of individual emp]oyees.‘.
. Effectiveness of management in organ{zing and delega£ing tasks,
and in implementing technological changes.
While it is by no means the only factor that critically affects produc-
tivity, the clearest and strongest tread in. recent decades has been that
the introduction of better technolbgy improves préductivity. Aceording
to some economists, téchng{ogical advance in the United States accounted
for.90% of the increase in autputfber person-hour during the 20th century.
One company recently calculated increased productivity at 906% a?ter
putting to work both robots and anotﬁéf’new technological development
known as EDM (electrical discharge machinipg).
The relationship of technological i““°!f§i&§§;30 productivity is

easiest to-understand in relgtion to'a specific m?ﬁu%acparipg process.
For example, traditionally, one machine tool is €apable of “performing
one operation, such as drilling or milling, and the metal piece being
worked is transferred by hand from one machine tool to the next. To
be sure, this has been a great improvement, in terms of time and cost

of production, over the lone blacksmith. However, the more advanced
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machine tools of today take yet another leap forward. Multi-spindle S
machining centers are equipped with a set of tools that can carry out a ‘
series of pperétions. shaping an entire pigce from raw metal to finish;
under programmed instructions and without human intervention. This
process known as Computer Numerical Control (CNC), increases productivity
in a number of important ways: |
. CNC tools can be run at far higher rates than conventional tdb]s,
for longer periods of time uninterrupted.
. CNC does not require individual training for persons to garry out
each operation. Instead, many machines can be fed the same instruc-
tion tape (duplicated) that has been developed by one skilled pro-
grammer. .
. Machines operated under CNC do not require the special jigs and
fixtures required to hold the workpiece and guide the tools on ‘
conventional machines.
. CNC todls increase the time of machine operation by eliminating the
time spent manually handing the tools from one machine to the other/) v
. Since they do not rely upon individual operators, machine tonls are
not subject to the human factors that slow production. They reduce
time lost due to illness, injury, and fatigué; not the least of
their advantages is that they eliminate the injuries to persons
that are associated with certain machine operations.
. CNC tools often reduce the amount of scrap metal left after manu-
faéturing._
In additicn to achieving a much highet productivity rate, CNC
improves the quality of materials produced. Pieces can be machined

“
with greater accuracy, to closer tolerances, in greater complexity of ‘
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shape. Quality control is greatly-facilitated under a system of uniformly
programmed machines, A1l vhis should explain, in part, why the technician
must be capable of working with great precision, using the closet toler- |
ances measurable, with the highe;t degree of accufécy that can be achieved,
with the most advanced instrumentation available. If you are constructing
a machine that is going to be run at higher speeds, for longer periods,

at higher temperatures, higher pressures, and higher flow rates - all

to gain higher efficiency and productivity - you have to build it right,

Productivity of the U.S. and Other Nations

Traditionally, the U.S. has been the world leader in technological
innovations. As a nation, the U.S. vastly outspends, all others in
research and development and exports more technology than all other
nations. Until the last decade, the U.S. also led the world in imple-
menting technological advancements; that is, in the taking of new
ideas and putting them into practice. However, during the 1970s, the
United States saw its technological leadership and related gains in
productivity dwindle under competition from Japan and Europe, particularly
West Germany. The U.S. remains a strong leader in terms of its manu-
facturing and service capabilities, but the traditional order of economic
strengths and weaknesses among nations clearly is changing.

Mo%t of the trade of the world occurs among industrialized nations.
These nations strive to maintain a favorable balance of trade, or re-
lationship of imports to exports of goods and services. In the past,
industrialized countries have imported natural resources, or raw materials,
from less-developed countries, and manufactured finished.goods for their
own consumption and ﬁ?r export. There is increasing demand irn foreign

countries for some element of manufacturing to be done locally. As less
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developed nations (often called Third World nations) are beginning to
implement new techno]ogies. the old order, or status quo, of world .
trade is shifting. The Third World countries, along with the U.Ses -
Japan, and Europe, are beginning to export the products of technology.
Presumably the goal of all nations is an economically healthy world.
Extreme forms of protectionism (adding large tariffs to imported goods,
such as Japanese cars or Brazilian steel) are likely to lead to a kind
of economic warfare in which nobody wins. With the shifting balance of
trade, the U.S. must define and emphasize its areas of greatest strength
to meet the challenge of competing, and cooperating, in a world where
technology and resources are shared.
The role of the engineering technician has a very direct relationship
to the state of economic change now taking place. As mentioned, the
primary strength of the U.S. has been, for many years, technological ‘
innovation and implementation. If we allow our capabilities in this area
to stagnate, we must surely be prepared to accept a way of life quite
| dffferent from the one we now enjoy. A key element in our continuing
technological success, and especially in our using technology to solve
modern problems, is a highly trained technical workforce, capable of

fully supporting the engineers and scientists of the nation.

The Availability of Trained Technicians

The "lead time," or time required to trair a technician, can be |
formidable. Companies often assume a portion of the training burden,
but are eager to invest such training in persons who are already grounded
in the fundamental principles of electronic and mechanical systems.
Thus graduates of two-year postsecondary technical programs are prime .

candidates for such companies.
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The availability of trained technicians is of considerable importance
to companies-that are planning to build or relocaPe. Companies are s
dec: :dly ungﬁthusiastic about moving into a community where lccal
citizens are for the most part employable only in entry-level, minimum
wage jobs. The cost of importing technicians from out-of-state or, in
some cases, from outside the country, may be prohibitive. Also, a firm
gerierally seeks to establish itself as a cooperative element in the
community, tb blend smoothly into new surroundings. Importing all its
hign-level employees and hiring the local citizens in lower-level
positions is not helpful in creating a cooperative atmosphere with the

community.

The Impact of Technology on Society

The impact of technology on society is not a set of abstract ideas,
existing mainly in science fiction novels or futuristic movies. You can
and do observe every day the changes in human activitieg and alterations
they make on the human environment. But the tendency of:hanx people is
to say simplistically, "ok, yeah, the computer and all thdt." To under-
stand the scope and depth of what is happening in these last decades of

the 20th century, we need to examine technological innovations more closely,

Information Processing

A good place to begin is in the area of information processing.
With its huge memory and lighting-fast retrieval capacity, the computer
(and a1l that) is the ideal instrument fdr storing and retrieving infor-
mation as well as calculating problems too complex and lengthy to be
handled by conventional means. The computer has assumed a great percentage
of routine accounting and recordkeeping functions, freeing large numbers

of people from the deadening pace of rote filing and calculation, and
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accelerating routine transactions and interactions such as banking, payroll
calculations, and stock inventory. Information so stored can be retrieved
in moments and ﬁ;nipulated in a variety of ways. For exaﬁB]e. with the

aid of computers a company can monitor the sales of products continuously,
thus determining when to increase or decrease production of items according
to demand. Scientists and engineeﬁs cén process huge arrays of information,
incorporating many more variables than would be possible otharwise, thus
arriving at more truthful conclusions, more accurate descriptions of
natural events (such as chemical interactions on the molecular level),

and far more useful designs for machines, bridges, buildings, automobiles,
and airplanes. For example, engineers can describe the characteristics

of a car in mathematical terms, feed them into a computer and determ%ne

the exact results of various types of automobile crashes without so much

as turning the key in the ignition.

As a result of technological advances, more information is ncw more
available to more people than ever before. Because of the vast storage
and retrieval capacities of the computer, we can now walk into many
major libraries, choose d'topic, and in a matter of minutes, obtain a
list of the most current information available on that subject, or a
1ist of everything relaied to that subject that.has been published for
the last five years or ten years. Physicians can review medical case
histories, lab reports, and the information given by cardiac monitoring
machines, all within a haif hour of a heart attack viefim's admittance
to the hospital. Now, more than ever before, information is literally

"at our fingertips," when they are applied to the nearest computer terminal.
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Production Processes

Product1on processes have been profoundly affected by recently deve-

~ loped technologies. The use of Computer Numerical Control in mach1ning

has already been discussed. In its sophisticat~d forms, automation

involves robotics. Robots include elements that simulate aspects of

human senses, muscles, and nerves. Electronic control systems include
transducers (energy and converting sensory devices), programmed instructions
for responding to-.the signals of transducers, and actuators\(corresponding
to muscles) that do the necessary work. Conveyors may transport parts
oetween robots. Every unit of manufacturing can be coordinated, precisely
timed for maximum speed of operation. | |

A simple example of how one segment of such maximum automation works
is that of bottling beverages. Bottles moving on a conveyor cross a:
sensor (in the form of an inductive light probe) that detects the presence
of the cap is absent or the bottle is empty, the capping mechanism wi]f
not be activated; instead another mechanism will take corrective actio;.

In a more sophisticated network of transducers, electronic controls,
and actuators, entire automobile parts are machined and cast,‘and ohemica1
processes convert raw materials intc useful cleaning products, food products
are packaged, labeled, and Toaded for transport.

Perhaps the most revolutionary recent development in electromechanical
devices is in the field of robotics. The productive capabilities of a
factory "manned" by robots are staggering. In many cases, robots are
taking over the most dangerous and difficult tasks of production. A
G.E. plant recently began using robots in the precision forging of jet
engine airfoils. Previously, forging operations had exposed operators

to the uncomfortably high temperatures of a hearth furnace where metal
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parts had to be loaded and unloaded. The same physically taxing mopiffjl

had to be repeated continuously, and increased productivity placed a
heavy burden on the operators' endurance. Robots carrying ou£ tﬁé_same
operation produce 30% more parts per unit than do human operators.

As such production techniques are implemented, assembly line wbrkers
give way to technicians who build, maintain, and troubleshoot robots,
CNC machine centers, a;tomated materials-handling'systems9 and so forth.
The unskilled employee gives way to the skilled employee, and routinized
work gives way to more challenging and interesting jobs. Since these
automated processes are multiple systems with electronic and mechanical

elenents such as-electronic sensors, pneumatic drives, hydraulic control

functions, and optical components, the technician who oversees their

manufacture and operation must have multiple skills. A prime example

is the copying machine that includes digital controls, a vacuum system
for paper feed, and an optical component for photography. If the Xerox
machine breaks down, it is hardly feasible for Xerox to send in a corps
of technicians, each "wearing a diffefent hat" of expertise. Enter the
new "supertech" who wears many hats and possesses a range of expertise.
Some machines carry out processes that cannot be handled at all by
human beings. In such areas, éutomation finds sbme of its most appro-
priate uses. In some chemical processes, particularly, reactions occur

so fast that human beings are too slow in responding to control them.

Instrument control can carry out these processes with no risk to persons.

Communications

In the area of communications, technology has turned‘;he vast earth

into, as the familiar phrase goes, "a global village." As nations and
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\
individuals, we are aws:e of one another as never before. Satellite

‘ television brings events, as they.occur. from across the \ into .

- -~ -« individual homes. Telemetry, whicﬁ is theomeasurem;nt-of a physical =
quantity such as voltage, pressure, and temperature, and transmission
of that quantity to 5 receiving apparatu, that displays or records it,
brought us pictures of Salurn by way of the VYoyager spacecraft. Fiber
optics promises to revolutionize communications by means of glass fibre
strands (10 times smaller than a human hair in thickness) in which a
modulated Taser 1ight beam can carry thousands of telephone conversations.

Word processors are radically changing the way that print media is
produced, as everything from letters to books can be composed, edited, |
and'§tored without using a single sheet of paper. Even more important,
the more repetitive aspects of typing and correction are greatly reduced,

. | freeing typists to handle more written material,

Perhaps the favorite means of verbal communication in our society is
the telephone, and it, too, has undergone technological improvements during
the last few decades. "Call-waiting”" now enables telephone users to
receive notice of all incoming calls, even while the phone is in use.
Telephone communication has so ifiproved that transatlantic calls are now

commonplace, accomplished with ease and c]arify of connection.

Transportation

Transportation has béen an area of dramatic change throughout the 20th
century. Air travel has become an integral part cf modern 1ife. Businesses
have decentralized with the knowledge that coherent management can be main-
tained through the availability of air travel. Cpmmerce.and manufacturing
are aided by the transport of products, salespersons, executives, and

‘ consultants. With the advent of the supersonic transport, transatlantic

flight has been reduced to a mere 2% hours.
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The technology of tramsportation has been strongly affected by the
energy crisis. With increased fuel process, the nature of air and
adtomobile technology-has beccme the subject of change and debate. During

the next decades, innovations in transport technology are certain to occur.

Changing Lifestyles

Technology has changed all but the ess;ntial species of humankind.
Our lives are permeated by its effects, and we are only beginning to
understand its implications and its possibilities. Most of us have a
great deal more leisure time than did our grandparents. Few of us are
compelled to grow ur raise all of our food, or even part of it. Food
preparation has been speeded by an array of kitchen wizardry, most
recently, the microwave oven. Our means of travel - local td long
distance - are convenient and quick;we scarcely have to consid;r distances
that once consumed days or weeks to transverse. In the workplace we
are aided by numerous devices that reduce our physical labor and the
more rote aspect§ of mental exercise.

As technology has created leisure time, it has also supplied the
means of using it. The technological "toys" of our time include tele-
vision, radio, video tape recorder, stereo, and home cdmputer. not to
mentioﬁ the steel tennis racquet, speedboat, carbon-filter golf club,
and last but far from least, electronic video games.

Partly because of the new leisure, education has changed from the
province of the young to a lifelong activity, enhanced by technological
jnnovation the whole way along. Information is no longer issued largely
from printed media; schoolchildren see viduotapes, and use computers to
aid their learning. While commuting to work, businessmen tune in to a
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"short coﬁrse“ in management by way of.sassétte player. The most re;o]u-

‘ tionary change in education, however, stems from the fact thatywe have
*all become more pware of the wealth of information available. It is

" no longer easy to prescribe a given body of information that every school-
child needs to know. There is so much to know, and more being discovered
everyday, that few people feel certain of'what is more crucial to learn.

This crisis in value Brought about by technology is an understandable

one. Society used to change so slowly that children knew whaf their
lives would be Tike when Ehey grew up, and parents knew how to prepare
their children for adult 1ife. Human beings, who cling to the familiar,
the traditional, the tried-and-true, e now having to Tearn that the
world is truly in constant motion. We have to learn to find meanindg and
forge out values in a changing world.

‘ , The challenge is very great. Many would turn their backs on it.

They cite the environmenté] problems generated by new technologies, the

displacement by automation of olger workers who have.obsolescent skills,

and what they consider a generally unhealthy rate of change as reasons

to turn back the clock or slow it dowé. Surely these problems must be

taken into account - weighted heavily - as we choose when and where to

apply new technologies. But to turn our backs on science and technology

is seen by many as both impossible and irresponsible. As Jacob Bfonowski,

a philosopher of science, points out in his book Science and Human Values,

"The world today is made, it is powered by science; and for any man to
abdicate an interest in science is to walk with open eyes toward slavery."
Engineering technicians are examples of the kind of people who would

meet the challenge of living a changing world.
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‘ GEORGIA'S ASSOCIATE DEGREE
| ENGINEERING TECHNOLOGY CURRICULUM
ELECTROMECHANICAL

iy C
The associate degree Engineering Technology programs in Georgia .

were developed over a two year perTBd from 1982 to 1984, The curriculum
that is outlined here is the result of the combined effort of experts
from many h;gh tech organ{zations working with teachers and curriculum
development personnelzto.put together the most effective model of courses
;nd activities for the education and training of modern technician.
This program also articulates in both directions, with the high school

~ program we are proposing in this document, and with begcalaureate pro-

. ' grams of engineering technology. This kind of education is extremely

valuable to many students as a first post-secondary steﬁ.
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: ELECTROMECHANICAL ENGINEERING TECHNOLOGY
. STANDARD CURRICULUM - QUARTER SYSTEM
‘ ._ (SUGGESTED SEQUENCE)

Contact
First Quarter Class Lab, Hour
D.C. Circuits _ 4 3 . 7
Computer Fundamentals : 3 6 9
Algebra 5 0 .5
v Engineering Graphics 1 6 7
: T n
N Second Quarter
Physics I 4 3 7
Trigonometry 5 0 5
A.C. Circuits 4 3 7
English,& Composition 5 0 7
18~ 6 26
Third Quarter
Electronic Devices . 4 3 7
Physics 11 4 3 7
Analytic Geometry and Calculus 5 0 5
Circuit Analysis 4 3 7
. T T %
‘ Fourth Quarter
Technical Communications 4 3 7
Digital Electronics 3 3 7
Physics II 4 3 7
Elective Group I 4 3 7
S 5 17 Vi
Fifth Quarter
Electromechanical Devices 4 3 7
Elective Group II 4 3 7
Elective Group 11 4 3 7
Digital Applications 4 3 7
16 17~ 28
Sixth Quarter
Programmable Controllers 4 3 7
Elective Group III 4 3 7
Elective Group III 4 3 7
Elective Group III 4 3 7
T6 17 28
Seventh Quarter
Industrial Relations 5 o . 5
Principles of Economics 5 0 5
Elective Group IV 4 3 7
EMT Problems (Elective) 0 9 9
@ W T %
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iy ' ELECTROMECHANICAL ELECTIVES

Group I - (Fourth Quarter)
Mechanical. Devices & Systems
Fluid Power

Electrical Power P Distribution I

Group Il « (Fifth Quarter) ’ ' -
Instrymentation & Controls '
- Fluid Power S
' Automatic. Motor Controls I - .
System.Drawing . « o
Electrical Power & Distribution II
Feedback & Control Systems . o

Group 141 - (Sixth Quarter) -
Micro-computer Applications I '
Instrumentation & €ontrals J
Thermodynamics

Feedback & Control Systems

"Robotics I

Industrial Controls I°

AC/DC Macghines*I. - t
Automatic Motor Contro]s I1

Group. IV ~ (Seventh Quarter)
Tndustrial' Electronics
Industrial Controls II
Programmable Controller Problems
Robotics II
' AC/DC Machines 11
Thermodynamic
EMT Problems
Plus, any of i?ove not already taken

Group V = (Efghth Quarter) optional
ETectronic Instrumentation

Control Systems Analysis

Heating & A/C Controls ¢

EMT Problems .

Note: Electives from MET or EET may-be added to this 1ist by consent of
program coordinator,
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e TR
1t.1s retommended that EMT students have the following courses as a minimum.
’ . Commurications & Social Studies 20 hrs.,
Mathematics & Science ' 30 hrs.
Computer & Graphics o 8 hrs.

Technical Core

D.C. Circuits 5 hrs.

A.C. Circuits 5 hrs.

Circuit Analysis 5 hrs.

Electronic Devices 5 hrs,

Digital Electronics 5 hrs.

Mechanical Devices & Systems 5 hrs.

Electromechanical Devices 5 hrs,

Digital Applications 5 hrs,

‘ Instrumentation & Control 5 hrs.

| ﬁ Fluid Power . 5 hrs.

Micro-computer Applications I 5 hrs,

Programmable Controller 5 hrs.

118 hrs.

ETectives ( 4 courses ) | | 18 hrs,

136 hrs.

@
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ELECTRONICS ENGINEERING TECHNOLOGY
STANDARD CURRICULUM = QUARTER SYSTEM
(SUGGESTED SEQUENCE)

. Contact
First Quarter ' " Class Lab Hour
D.C. Circuits 4 3 7
Computer Fundamentals 3 6 9
Algebra 5 0 . 5
Engineering Graphics 1 6 7
: 13 b L9 il

Second Quarter

Physics 1 4 3 7
Trigonometry 5 .0 5
A.C. Circuits 4 3 7
English & Composition 5 0 7
) T T %
Third Quarter
- Electronic- Devices 4 3 - 7
Physics II 4 3 9
Analytic Geometry and Calculus 5 0 5
Circuit Analysis 4 3 7
17 B 28
Fourth Quarter
Semiconductor Analysis 3 3 6
Digital Electronics 3 3 6
Physics 11 4 3 9
Elective Group 1 4 3 7
17 7~ 29
Fifth Quarter
Electromechanjcal Devices 4 3 7
Linear Integrated‘Circu.ts 4 3 7
Elective Gr I1 4 3 7
Digital Applications 4 3 7
16 12~ B
Sixth Quarter
Control System Components 4 3 7
Technical Communications 5 0 5
Elective Group III 4 3 7
Elective Group III 4 3 7
17 g 26
Seventh Quarter
Industrial Relations 5 0 5
Principles of Economics 5 0 5
Elective Group 1V 4 3 7
ELT Problems (Elective) 0 9 9
15 )V 76
@ 42
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ELECTRONICS ELECTIVES

Group I - (Fourth Quarter)

Communication Circuits

(Industrial Electronics may elect courses from Electromechanical or ¢
Mechanical sequence e.g. Mechanical Devices & Systems, Fluid Power, CAD I)

Group II - (Fifth Quarter)
Communications Circuits
Communication Systems

EMT or MET courses

Group III - (Sixth Quarter)
Micro-computer Applications !
Digital Communications
Satellite & Te]ecommunicat1ons
EMT or MET courses

Group IV - (Seventh Quarter)

Antennas Transmission lines and Microwaves
Micro-computer Applications II

Digital Communications

EMT or MET courses

ELT Problems

ERk(I

Aruitoxt provided by Eic:



It is recommended that EET students have the following courses as a Ii

minimum.
Communications & Social Studies 20 hrs.
Mathematics & Science 30 hrs.
Computer & Graphics _ 8 hrs. -
Technical Core ///,///'f//<///
D.C. Circuits 5 hrs. -
A.C. Circuits 5 hrs. ,
Circuit Analysis 5 hrs.
Electronic Devices 5 hrs.
Semiconductor Analysis 5 hrs.
Digital Electronics 5 hrs,
Electromechanical Devices 5 hrs. |
Communication Circuits 5 hrs. ‘ . .
Digital Applications 5 hrs.
Control Systems Components 5 hrs.
| Micro-computer qulications I 5 hrs.
54 hrs.
Electives 20 hrs.
132 hrs.

44
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MECHANICAL ENGINEERING TECHNOLOGY
. STANDARD CURRICULUM - QUARTER SYSTEM
‘ (SUGGESTED SEQUENCE)

i § , Contact
- First Quarter Class Lab Hour
D.C. Circuits 4 7
Computer Fundamentals

Algebra
Engineering Graphics I

3
3 6 9
5 0 5 .
1 6 7
3m 15 28

Second Quarter

Physics 1 4 3 7
Trigonometry 5 0 5
A.C. Circuits 4 3 7
English and Composition 5 0 5
. 8 6 28
Third Quarter
Physics 11 4 3 7
Analytic Geometry and Calculus 5 0 5
Mechanical Devices & Systems 1 6 7
Elective (Group I) 1 6 7
- 11 15 26
‘ Fourth Quarter
Statics 4 3 7
‘ Physics III 4 3 7
Technical Communications 5 0 5
Elective (Group II) 1 6 7
1 12 26
Fifth Quarter
Electromechanical Devices 4 3 7
Elective (Group III) 3 4 7
Economics 5 0 5
Dynamics 4 3 7
16 10 26
Sixth Quarter
Elective (Group IV) 1 6 7
Strength of Materials 4 3 7
Computer Aided Manufacturing (CAM) 1 6 7
Machine Design 4 3 7
10 18 28"
Seventh Quarter
Industrial Relations 5 0 5
Fluid Power 3 4 7
Elective (Any Group) 3 4 7
MET Problems (Elective) 0 9 9
‘ - T m

45 4 5
ERIC

Full Tt Provided by ERIC.



Electives - Mechanical Engineering Technology Prbgfam o
Third Quarter (Group I) '
* Engineering Graphics 11
Computer Aided Drafting & Design (CAD) I

Fourth Quarter (Group II)
Computer Aided Drafting & Design (CAD) I

Manufacturing Process I

Fifth Quarter (Group III)
Engineering Materials
Manufactdring Process 1

* Computer Aided Drafting & Design (CAD) II

Sixth Quarter (Group IV) .
* Manufacturing Process II

* Computer Aided Drafting & Design (CAD) II

Seventh Quarter (Group V)
* Apy of the above

* Require completion of I series

1 a6 46
ERIC

Full Tt Provided by ERIC.



IT IS RECOMMENDED THAT A STUDENT INTERESTED IN DESIGN AS A CAREER OPTION

' HAVE AT LEAST THE FOLLOWING COURSES.
N Communications and Social Studies 20 hrs,
Math and Science 30 hrs.
Computers and Graphics i 17 hrs,
67 hrs.,

Technical Core

A.C. Circuits | 5 hrs.
Computer Aided Mfg. (CAM) . 5 hrs.
D.C. Circuits 5 hrs?
Dynamics 5 hrs.
Electromechanical Devices _ 5 hrs.
. Engineering Materials 5 hrs:
| Fluid Power | 5 hrs,
Machine Design 5 hrs,
Mechanical Devices and Systems 5 hrs.
Statics 5 ﬁrs.
Strength of Materials S hrs,
55 hrs.
d Electives 6 hrs,
TOTAL 128 hrs.

47
ERIC 11

Full Tt Provided by ERIC.



IT IS RECOMMENDED THAT A STUDENT INTERESTED IN- MANUFACTURING AS A CAREER

OPTION HAVE AT LEAST THE FOLLOWING COURSES. . ‘
Communications and Social Studies 20 hrs.
‘Math and Science | - 30 hrs.
Computers and Graphics 11 hrs. )
| 61 hrs.

Technical Core

A.C. Circuits 5 hrs.
Computer Aided Mfg. (CAM) 5 hrs.
D.C. Circuits | 5 hrs.
Dynamics | . - 5hrs.
Electromechanical Dé;ices ' 5 hrs.

Engineering Materials 5 hrs. ‘
Fluid Power - 5 hrs,
Machine Design . 5hrs,
Manufacfhring Processes I 5 hrs.
Manufacturing Processes 11 5 hrs.
Mechanical Devices and Systems 5 hrs.
Statics 5 hrs.
Strength of Materiais 5_hrs.
59 hrs.
Electives 8 hrs.
TOTAL 128 hrs.

‘ll' .
, 48
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II1. The Curriculum Model
. There are several basic areas of subject matter as we have ment ioned
above which are pre-technical curriculum should address. We will summarize
these areas in some more detail and then give a deséription of the
courses involved and the competencies that students should achieve as
objectives for each course. It should be pointed out at this point
that the competencies we 1ist have been derived over several iterations
of review and analysis by iechnical teachers and industrial advisory
comnmittees. The basic curriculum structure and expected outcomes of
any technical curriculum should be routinely reviewed and revised as
discussed in a later section of ‘this publication'on Business and Industrial
. Advisory Committees. The competencies presented for the curviculum
‘ " areas in this section are from basic cognitive areas which form the
foundations of the technological world and are consequently more immutable
than are advanced technical subjects which deal with specific devices
and systems.
The curriculum blocks are:
1. Basic Math (including algebra and trigonometry)
2. Applied Physics (taught with a systems orientation)
3, Communication Skills (basic grammar and composition)
4. Electronics/Electricity (DC & AC circuit fundamentals)
5. Graphics/Engineering (drawing and sketching)
6. Computer Fundamentals (operation and introductory programming)
7. A Survey Course in Engineering, Science, and Technology

. We will also discuss two other areas:

0 5149




- Affective skills important to technical work N

- Applied p.robl.em soiving ability and creativity in the technical .

world
Course Descriptions & Competencies Required

The following specific courses should form the basic pre-technical .
curriculum. The competencies 1isted are felt to be the optimum expected x\
from students. These courses present the minimum subject areéé that |
should be covered by a pre-technical student. ~ Suggested lab topics are N

also listed. : p

50 ®
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ALGEBRA AND INTRODUCTION TO TRIGONOMETRY

. . (4 Semesters)

N COURSE DESCRIPTION

GOAL: The goal of this course i3 to provide students with the basic
skills and knowledge in Algebra and introuuctory trigonometry
which will allow them to be able to solve technical problems.
Topics include basic algebraic operations, functions and graphs,
algebraic¢ fractions, powers and roots, factoring, complex
numbers, quadratic equations, trigonometric functionsy, and
logarithms. ' o

OBJECTIVE #1: Apply the vocabulary and-basic operations of Algebra to:

1.1. Simplify mathematical and algebraic éxpressions.
.1.2. Graph sets of numbers on the numbef line.

1.3. Add, subtract, multiply and divide algebraic
expressions.

1.4. Apply exponents to real numbers and algebraic
expressions.

. ' 1.5. Use significant figures and scientific notation
. to write large and small numbers.

OBJECTIVE #2: Apply the concepts of functions and graphing to:

2.i. Graph ordered pairs of numbers in the Cartesian
. coordinate system.

* 2.2. Graph linear equations in two variables.

2.3, Solve systems of two equations in two variables-
graphically. :

2.4. Graph quadratic functions.
OBJECTIVE #3: Recognize and solve systems of linear equations by:

3.1. Algebraically solving systems of two or three
equations in two or three variables.

3.2. Using determinants to solve systems of two or
three equations.

53
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OBJECTIVE #4:

" OBJECTIVE #5:

OBJECTIVE #6:

v

OBJECTIVE #7:

OBJECTIVE #8:

Apply the basic principles of operations with algebraic_

fractions to: _ . '

4.1. Write algebraic fractions in lowest terms.
4.2. Mitiply, divide, add and subtr.ct algebraic fractions.
4,3. Simplify algebraic fractions. '
4.4, Solve fractional equations.
Apply the laws of powers and roots to:
5.1. ldentify roots of real numbers.
5.2. Evaluate algebraic radicals which represent rational
~ numbers., -
5.3." Estimate fhe value of radicals which represent
irrational numbers.
5.4, Simplify expressions involving sums, products and - [
quotients of radicals. | \\\
5.5. ldentify and evaluate powers which have fractional
exponents, : . -
5.6. Sglve radicél equatiohs. : ’ ' ' .
Use the methods of factoring to: - T;
6.1. Find the greateﬁt common faptor. . A )
6.2. Factor spu:cial polynohia]s (trinomia) sg;ares.
difference of squares, sums or differences of cubes).
6.3. Factor general quadratic polynomials.
Apply the concepté of complex numbers to:
7.1. Find the square roots of negative numbers.
7.2. Find sums, differences, products and quotients
of comolex numbers.
7.3. Use complex numbers in solving quadratic equations.
Solve quadratic equations by: |
8.1. Factoring. |
8.2. Completing the square. '
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8.3. Using the quadratic formula. '

‘ ' : ' 8.4. Using the discriminant to determine the nature of%h
the roots.

OBJECTIVE #9: Apply the basic properties of the trigonometric functions to:

9.1. Express angles in radian measure. .

9.2. . Solve right triangles.

‘l
\..a .

9.3. Sp1ve problems using vectors.

k - 9.4. Graph the basic trigonometric functioﬁg (y = sin x,
y = €0s X, y = tan X). '

OBJECTIVE #10: Apply previously gained knowledge of graphing and ex-
qgnentia1 functions to:

10.1. Define 1ogarithmic functions.
‘ 10.2. ‘Learn the basic properties of logarithms. _
10.3. Use tables to find logarithms. \

10.4. Evaluate products, quotients and powers .using

‘ X logarithms. .

Tﬁese objectives may be met during the study of Algebra I, Geometry

and Algebra II as they are taught in the geperal high school curriculum.

- More detaildd study in the areas of the tr gonometric functions, complex
numbers in polar form, and logarithms, as Thught in Advanced Algebra and ;
Trigonometry, would provide the student a mdre complete foundation for ° ;

the study of courses in engineering techno}ogy.
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PHYSICS
(1 Semester)

COURSE DESCRIPTION o

¢

GOAL: The‘goal o"this course is to provide students with knowledge of
basic physical concepts as they applty across four energy systems

. which will allow them to analyze technical problems and explain
the interaction of systems and cemponents. Topics include review
of vectay§y graphs-and traditional physics followed by a practical
approacb}%o the study of force-like quantities (forces), force
transformers, displacement-like quantities (parameter), kine-

matics (parameter rate), resistive” forces, magnetism, capacitance, .

¥ inertance and energy converters. Students are shown how these

C concepts are applied to the four energy systems - mechanical,
electrical, fluid, and thermal, and they will perform laboratory

experiments that relate each concept to the four energy systems.

OBJECTIVE #1: Utilize basic concepts of traditional physics
1.1, Define vector and scalar, plot vecgbrs. add and
subtract vectors, and resolve vectors both graphi-
, cally and a]gebraiqg]ly.

1.2. Define and calculate the slope for linear and non-
linear graphs. .

1.3. Define and calculate froﬁ appropriate data the
following physical concepts: displacement,
velocity, acceleration} force, weight, pressure,
density, mass, work and energy.

1.4. Explaih'and calculate energy and power.

1.5. Explain the nature of heat, describe the different

temperature measurement systems and calculate amount

of heat energy. :

OBJECTIVE #2: Define the force 1ike quantity in the differentsengineering

systems

2.1. Calculate forces acting in mechanical translation.

2.2. Calculate torques acting in mechanical rotation.

2.3. Explain the operation of common pressure measuring
devices such as manometers anu bourdon tube gauges,
and e§p1ain and calculate pressure .in fluid systems.

2.4. Describe the different common temperature measure-

ment devices and explain heat energy in terms of a
temperature difference.
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2.5. Explain the flow of current in terms of potential

‘ di fference.

OBJECTIVE #3: Define the displacement-1ike quantities in the different
engineering systems . ‘

3.1. Define and calculate work done in each engineering
system in terms of force and displacement-like
quantities.

OBJECTIVE #4: Explain the operations and make pertinent calculations
appropriate for various types of force transformers.

4.1.. Define and calculate TMA & AMA and calculate
efficiency from TMA and AMA for simple machines
such as levers, inclined planes, wheel and axel,
and screw Jjack. '

4.2. Explain simple machines as force, displacement or
velocity multipliers.

4.3. Describe and make appropriate calculations pertaining
to fluid and electrical force transformers.

OBJECTIVE #5: Define kinematics and solve typical kinematic problems

‘ 5.1. Explain concept of first and second time rates of
change in the engineering systems.

5.2. Identify and define displacement, velocity, and

acceleration and the analogous quantities in the
other engineering systems.

5.3. Explain power as an energy rate of change.
OBJECTIVE #6: Identify and define concept of resistance

6.1. Identify and define resistance in each engineering
system,

6.2. Relate resistance and loss of energ§ in a system.

6.3. Relate resistance to resistivity and conductance
in each engineering system.

. 6.4, State criteria for and determine whether systems
are connected in series or in parallel.

OBJECTIVE #7: Identify the parameters and perform apprppriate calculations
pertaining to the magnetic system

‘ 7.1. Define magnetic flux, magnetic fields, reluctance.

7.2. Compare magnetic and electronic circuits.
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OBJECTIVE #8: Identify and define concept capacitance in each engi-

neering system ‘

8.1. Relate capacitance and the storage of potential energy.

OBJECTIVE #9: Identify and define inertia-like quantities in each engi-
neering system except the thermal system

9.1. Relate inertia-like quantities and the storage of
kinetic energy.

9.2. Define momentum and impulse in mechanical translation
and related quantities such as angular and fluid
momentum.

OBJECTIVE #10: Identify typical energy converters
10.1. Describe conversion of mechanical input energy,
fluid input energy, electrical input energy,

thermal input energy, and optical (1ight) inpuf
energy to other types of energy.

-
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A.C. THEORY
(1 Semester)

COURSE DESCRIPTION

GOAL: To teach students the basic orinciples of A.C. theory so that
they will be able to solve A.C. circuit problems involving
capacitors, inductors, resistors, transformers, and magnetism
and correlate A.C. circuit theory with laboratory experimentation.

OBJECTIVE #1: The student should be able to state and explain basic
concepts and perform education related to magnetism
and electricity, and electromotive force.

1.1. To explain what is meant by magnetic flux, flux
density, flux intensity, magnetomotive force,
permeability, reluctance, and retentivity.

1.2. To state the characteristics of magnetic lines
of force.

1.3. To state the relationship between electricity and
magnetism.

1.4. To state the left hand and/or right hand rule
for determining direction of magnetic 1ines of force.

1.5. To define an electromagnet, calculate magnetomotive
force, and explain residual magnetism.

STUDENT LABORATORIES:

1. Determine north and south pole of a permanent
magnet.

2. Construct and test an electromagnet.
OBJECTIVE #2: The student should be able to explain basic concepts
of A.C. current/voltage and resistance and utilize the
oscilloscope to measure characteristics of the sine wave.

2.1. To explain the difference between direct current
and alternating current.

2.2, To explain how a sine wave is generated.

2.3. To describe an A.C. voltage/current in terms of
peak voitage/current, wave shape and frequency.

2.4, To determine peak, peak-to-peak, average, effective
(RMS) and instantaneous values of a sine wave.
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2.5. To explain the difference between frequency and
period of a sine wave. _ ‘

2.6. To find frequency if given time and time if given
frequency.

2.7. To use an oscilloscope to measure amplitude and
period of a sine wave.

STUDENT LABORATORIES: "

1. Measure the peak-to-peak value and period of a sine
wave.

OBJECTIVE #3: The student should be able to define, explain, and measure
basic circuit value in RC, RL, and RLC circuits.

3.1. To solve problems involving vector algebra.
3.2. To define capacitive reactance.

3.3. To state the factors governing capacitive reactance
and solve for capacitive reactance.

3.4. To use the operator J to write the equation for

impedance of an RC circuit and solve for the impedance

of a series RC circuit. ‘
3,5. To define inductive reactance.

3.6. To state the factors governing inductive reactance
and solve for inductive reactance.

3.7. To use the operator J to write the equation for
impedance of an RL circuit and solve for the
impedance of a series RL circuit.

3.8. Te determine impedance of a series RLC circuit.

3.9. To determine admittance and impedance of a parallel
RC, RL, and RLC circuit.

3.10. Define and determine resonant frequency.
STUDENT LABORATORIES:

1. Examine the effect of changing frequency on
capacitive reactance.

2. Examine the effect of cnanging frequency on
inductive reactance.
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3. Determine the value of an unknown capacitor and/or

. inductor.

4. Verify A.C. theory in a series/parallel RC circuit,
5. Verify A.C. theory in a series/parallel RL circuit,
6. Verify A.C. theory in a series/parallel RLC circuit.

7. Find resonant freguency of a series/parallel RLC
circuit.

OBJECTIVE #4: Use basic theorems to analyze A.C. circuits.
4.1. To use Thevenin's theorem to analyze A.C. circuits.

"4.2. To use loop equations to analyze multi-loop A.C.
circuits containing more than one power source.

4.3. To use Norton's theorém to analyze A.C. circuits.
STUDENT LABORATORIES:
1. Verify Thevenin's theorem.
2. Verify loop equation theory.
‘ | 3. Verify Norton's theorem.

GSJECTIVE #5: Utilize and explain the operating characteristics of
simple transformers.

5.1. To define transformer and transformer action.
5.2. To work problems involving transformer turns ratio.

5.3. To calculate power “*n secondafy winding, percent
efficiency, and power in primary winding.

5.4. To detemine proper size fuse to use to protect
a transformer from damage.

5.5. To state types of loses in transformer.
STUDENT LABORATORIES:
1. Step-up, step-down, and one-to-one ratio transformers.

2. Center taped and multiple windings in secondary.
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D.C. CIRCUITS
(1 Semester)

COURSE DUSCRIPTION

GOAL: To teach students the basic principles of D.C. circuit theory
so that they will be able to- solve problems involving current,
voltage, resistance, capacitors, and time constants and to
verify D.C. theory with laboratory experimentation. '

OBJECTIVE #1:

The student should be able to: define D.C., atomic
number and parts of the atom, draw a simple circuit and
indicate direction of current flow, state bastc electrical
units of measurement, express numbers in powers of tens
and convert from a root unit in OHMS, VOLTS, AMFERES

and WATTS to a prefix unit, and determine values of
resistors using standardized color codes.

1.1. To define D.C., molecule, atom, atomic number,
electron, proton, neutron, and ion

1.2 To draw a schematic diagram of a simple circuit
and indicate the direction of current flow.

1.3. To state the units of measurement for EMF, current
resistance, and power,

1.4, To express numbers in powers of tens and convert
from a root unit in OHMS, VOLTS, AMPERES, and
WATTS to a prefix unit.

1.5. To determine the OHMIC and tolerance values of
resistors using the electronic industries as-
sociation (EIA? standardized color code.

STUDENT LABORATORIES:

OBJECTIVE #2:

1. Use an analog VOM to measure the OHMIC value of
resistors and correlate the measured value with
the EIA color code.

The student will be able to: state the three forms of
OHM's law, state the interrelationship of basic electrical
units, calculate voltage, current, resistance, and power
in a simple circuit and plot the current vs. voltage
graph.

2.1. To state the three forms of OHM's law.

2.2. To state the interrelationship of basic electrical
" units,
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2.3.

2.4.
STUDENT LABORATORIES
1.

To calculate voltage, current, resistance,'énd
power in a simple circuit.

To plot the current vs. voltage graph.

Use a digital and/or analog VOM to measure voltage,
current, and resistance in a simple D.C. circuit.

OBJECTIVE #3: The student will be able to: analyze a series circuit,

solve

problems involving the voltage division principlg,

analyze a parallel circuit, solve problems involving
the current division principle, define and calculate
conductance in parallel D.C. circuits and work problems
involving meter loading.

3.1.
3. 2.

3.3.

3.4.

3.5.

3.6.

3.7'

3.8.

3.9.

3.10.

STUDENT LABORATORIES
1.

pge )
.

To state the characteristics of a series circuit.
To analyze a series circuit in terms of total
resistance, voltage drops, current, and power
dissipation.

To state the voltage division principle.

To solve problems involving the voltage division
principle.

To state the characteristics of a parallel circuit.
To analyze a parallel circuit in terms of total
equivalent resistance, voltage, current and power
dissipation.

To state the current division principle.

To solve problems involving the current division
principle.

To define and calculate conductance in parallel
D.C. circuits.

To explain meter loading and work problems involving
meter loading.

Use a digital and/or analog VOM to measure voltage,
current, and resistance in a series circuit.

Use a digital and/or analog VOM to measure voltage,
current, and resistance in a parallel circuit.
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3. Use a analog VOM'to determine meter loading.

OBJECTIVE #4: The student will be abie to: find equivalent resistance .
for series-parallel circuits, convert to equivalent .
series and/or parallel circuits and analyze series-
parallel circuits.

4.1. To convert a series-parallel circuit into an
equivalent series and/or parallel circuit.

4.2. To find the equivalent resistance for a series-
parallel circuit.

4.3. To analyze series-parallel circuits and determine
individual currents, voltages, and power dissipations.

STUDENT LABORATORIES:

1. Use digital and/or analog VOM to measure D.C.
voltages and currents in a series-parellel circuit.

OBJECTIVE #5: The student should be able to: use Thevenin's theorem

to analyze D.C. circuits, use loop equations to analyze
multi-loop, D.C. circuits containing one or more power
sources, use Norton's theorem to analyze D.C. circuits,

and converi interchangeably between Norton's and Thevenin's

equivalent circuits. ‘

5.1. To state Thevenin's theorenm.
5.2. Use Thevenin's:theorem to analyze D.C. circuits.

5.3. To use loop equations to analyze multi-loop
D.C. circuits containing one or more power sources.

5.4. To state Norton's theorem.
5.5. To use Norton's theorem to analyze D.C. circuits.
5.6. To change from a-Thevenin's equivalent circuit to p
a Norton's equivalent circuit and from a Norton's
equivalent circuit to a Thevenin's equivalent circuit.
STUDENT LABORATORIES:
1. Verify Thevenin's *. ..rem.

2. Verify loop equation theory.

3. Verify Norton's theorem.
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OBJECTIVE #6: The student should be able to: calculate the total

capaci

tance of capacitors in series of parallel, cal-

culate the RC time constant, write the charging and
discharging formulas and plot the charging and dis-
charging curves for an RC circuit and describe troubles

in capacitors.

6.1.
6.2.
6.3.
.6.4.

6.5.
6.6.

6.7.

6.8.
STUDENT LABORATORIES:
1.

2.

3.

}

To define capacitance and give the unit of
measurement.

To state the three factors that determine
capacitance. -

To calculate the total capacitance of capacitors
connected in series.

To calculate the total capacitance of capacitors
connected in parallel.

To calculate the RC time constant.

To write the charging and discharging formulas
for an RC circuit.

To plot the charging and discharging response
curves for an RC circuit.

To deseribe troubles in capacitors.

N

Determine capacitance values by use of charging
formula.

Determine capacitance values by use of discharging
formula.

Checking capacitors with a VOM.
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~ ENGLISH AND COMPOSITION
(2 Semesters)

COURSE DESCRIPTION

GOAL: This subject area is intended to enhance the student's skill in
wr1t1ng, grammar usage and composition. Topics for student
exercises may be chosen from material discussed or experienced
in technical courses. Course material will serve to integrate
basic communication skills:with studies in technical subject
areas. Topics to be covered include grammar, writing skills
and composition.

OBJECTIVE #1: The student will be able to develop basic skills and
attitudes necessary for using good grammar and com-
position in the technical environment.

1.1. Explain the ways spoken and written composition
are used in the technical environment.

1.2. Explain the need for effective- written communication
/ and an appreciation of the writing process.

1.3. Use effective technique for taking notes, following
instructions, and taking tests as presented by’ the
instructor.

OBJECTIVE #2: The student will be able to read and ipterpret expository
essays and analyses,

2.1. Analyze ideas in an essay related to technology
and society.

2.2, A;ti;ulate multiple points of view.

OBJECTIVE #3: The student should be able to ut111ze accepted rules
of' grammar and composition,

3.1. Use commonly misued words correctly in basic
sentences.

3.2. Punctuate, capitalize, and spell correctly in
- this composition..

3.3. Recoaniza and write simple, complex, compound,
~and compound-complex sentences.
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OBJECTIVE #4:

The student should be able to write papers, essays, or
themes using appropriate compositional methods.

4.1,

4.2.

4.3.

4.4,

4.5.

Rewrite ambiguous statements into clear,d;nﬁse
sentences. ' .

Recognize and write paragraphs using varied organi-
zational techniques (cause & effect, descriptive,
definition, etc.)

Use transitional words and paragraphs to achieve
coherence and unity in writing,

Organize thoughts during the pre-writing stage
using a written outline. '

Effectively write a unified, well developed five
paragraph theme following standard English grammar
usage,

L
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ENGINEERING GRAPHICS
(1 Semester)

COURSE DESCRIPTION . ‘

GOAL: The goal of this course is to provide technical students with
an introduction to basic skills and techniques to communicate
information graphically. Topics include graphic drafting
technique and procedures; introduction to freehand Sketching;
schematic drawings; descriptive geometry; introdyction to
computer graphics.

OBJECTIVE #1: Discuss the importance of graphics as a universal
communication made in the technological world.

OBJECTIVE #2: The student will be able to produce basic drawings
using poper graphic drafting techniques.

2.1. Use drafting instruments to make simple lines
and lettering.

® ' 2.2. Draw and interpret objects in orthographic
projection.

— 2.3. Make simple freehand sketches that will describe

an object or process,én three dimension.

e
2.4. Draw and interpret objects in isometric.

STUDENT LABORATORIES .
L Experience and practice with above pfocedures.
OBJECTIVE #3: The student will be able to recognize and interpret
: basic schematic diagrams and symbols in a teacher
se]egted technical field (e]gctrica], fluid, mechanical,
etc. o
3.1. Recognize basic'symbols:
3.2. Read simple diagrams.
3.3. Draw simple diagrams.

STUDENT LABORATORIES .

1. Experience and practice with the above procedures.
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0BJECTIVE #4:

The student will be able to apply selected topics in
descriptive geometry to engineering graphics.

4.1. Give an overall explanation of the use of dgscr1pt1ve

geometry in engineering graphics.

4.2. Graphically find the true 1ength 510p! and bearing
. of a line. , .

4.3. Determine true shapes on sizes of surfaces from
alternative views utilizing the line and plan
methods of descriptive geometry.

STUDENT LABORATORIES

OBJECTIVE #5:

1. Practice in the above procedures

The student will be able to exp1a1n the 1mportance of

computer aided graphics 1n modern eng1neer1ng, science,’
and technology.

5.1. Define CAD/CAM.

r

5.2. List four applications of CAD.
5.3. Explain why CAD has become so widely used.

STUDENT LABORATORIES

1. Observe the production of a drawing on a CAD
machine.
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COURSE

GOAL:

OBJECTI

OBJECTI

0BJECTI

DESCRIPTION

COMPUTER FUNDAMENTALS
(2 Semesters)

This sybject area should provide students with the knowledge,
skill,»and attitude to begin the .process of computer utilization

toel in solving technical problems. Topics include orien-

tation to computers, data entry techniques, flowcharting,
fukdamental programming concepts, use of computer hardware and
programming in an interactive language. '

VE

¥
Thé" student will be able to summarize the development of
computer hardware which has led to modern computing devices

VE #2: The student will utilize proper data entry ﬁ;;;edures

2.1,
2.2.
2.3.

Identify the components of data entry equipment,
Use the terminal for direct data entry.

Develop entry skills including all alphanumeric
characters, and other function characters.

VE #3: The student will be able to identify and describe com-
ponents and tunc*ions of a digital computer system

3.1,
3.2.
3.3
3.4,
3.5.

3.6.

3.7.
3.8.

Recognize the types of equipment found in modern
computer centers. ]

Identify major parts of a computer and the funétion
of each.

Explain the input/process/output basic processing
cycle.

List the general characteristics of computer systems
by size, '

»

Explain the relationship between filing records and
fields.

List the basic operations which may be performed by
a computer system,

State how data is stored in main computer storage.

I1lustrate how a computer system ekecutes a program
instruction.

S
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3.9. State the different types of output which can be
' ‘ obtained from a computer system.

3.10. Use a computer related vocabulary.

OBJECTIVE #4: The student will be able to develop.programs in an
ipteractive language

4.1. Recognize four computer'languagesf
4.2. Use flowchart to develop computer programs.
4,3. Log-on and log-off successfully.

4.4, Develop computer programs in the BASIC language
for a variety of applications to technical problems.

4.5. Utilize application packages which address a specific
need. .

4.6. State the difference in computers and interpreters.
4,7. Run list and edit a program.

4.8. Recognize and connect syntax and logic errors in

‘ . a program.

4.9. Order events in a logical sequence and develop
alogrithmic,

4.10. Interact with the computer via a computer termfna].

OBJECTIVE #5: The student will begin the use of advanced programming
techniques

5.1. Use one and two dimensional arrays.
5.2. Use subroutines,

5.3. Use functions.

5.4, Use alphanumeric data manipulation.
5.5. Use sorting and searching operations.
5.6. Perform matrix operations.

5.7. Establish and manipulate data files.
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ENGINEERING, SCIENCE, & TECHNOLOGY
‘41 Semester) - . ‘

COURSE DESCRIPTION

GOAL: Engineering, Science, & Technolcgy is a survey course whose goal
is to provide an overview of careers in technologically related
careers as well as provide instruction in basic knowledges and
skills that are required. 7This course may be offered to students
wishing only to explore technical careers or as.an introduction
to a pre-technical educational choice.

A large portion of the course is devoted to the knowledge and
skills used by those in science, engineering, and technology.
These skills are particularly valuable to the student who has
chosen the pre-technical educational option; however, the
student taking the course only as career exploration will also

1 find tzese skills highly applicable in their inventory of total
life skills.

This career exploration aspect of this course will require several

field trips to local industry as well as guest lecturers from

the private sector., The instructor should also secure films (and{

or tapes such as those that are available from the various pro-

fessional engineering and scientific societies. ‘

OBJECTIVE #1: The student will be able to give an in-depth description
of scientific, engineering and technological careers.

i.1. List and explain the various areas of technology
presented in class.

1.2. List five job titles in each area.

1.3. List some o™the major effects of technological
change on jobs.

1.4. Select a tentative personal career choice and
explain or justify the choice.

OBJECTIVE #2: The student will be able to demonstrate selected basic
skills and knowledges required in technological work roles.

2.1. Interpret mathematical formulas, particularly as
applied to science, engineering and technology.

2.2. Perform dimensional analysis.

2.3. Recognize and use the International System of Units.
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2.4. Describe and use the processes of precision
. measurement.
\\\\ 2.5. Interpret and prepare.graphs.
2.6. Prepare a laboratory notebook.

2.7. Describe the basic processes of a system approach
to solving technical problems.

~}
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Affective Skills

There are a number of affective skills which are wportant to
technical workers that should be given a good deal of consideration while
planning a curriculum, For the most part, affective ski]]é cannot be
learned as a separate subject area, as say, a unit on work attitudes
taught in a specific discipline. This is not to say that such units
should not be presented. It is simply that students will not "learn"
this information at the most basic level, unless they have had experiences
over a period of time which call on them to exercise these skills. Proper
attitudes cannot be learned from a book or lesson without being utilized,
any more than muscles can be developed by reading about body building.

In both instances the structured use of attitudes or muscles, i.e. exercise,
is what is necessary. This can only be accomplished in an educational
setting which projects a career-oriented, professional, task-oriented
learning environment. It is important whenever possible that the classroom
be structured in a way that reflects the climate of the workplace. The
vast majority of young people in the classrooms of this country are pre-
paring for work at some point in their career, some immediately after high
school, some after an intermediate training experience, and some after
college and graduate school. No matter which path is chosen each learner
will be better served if the school environment can become more closely
a preliminary and preparatory exposure in concrete terms to what it means
to pursue a career. Here then are some attitudes that should be developed
ty youngsters who wish to pursue a technical career:

. The ability to work alone as a self starter - Many,.many job assign-
ments in engineering and technical work will be indivicual projects

either in-house or on visits to diverse work sites or customer
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locations. The student must learn to budget time and be a self- ‘
starter, that is to be their own boss or motivator.

~ Meet time Tines - Time lines are critical and necessary facts of

life in the technical world. Whether they are set by a manager, —

a contract, or the pressure of competitors or customers, they are
characteristic of 1ife in the fast lane of technology. Students
must i2arn that time lines are often binary, gates, that is an
excellent product or project produced late means nothing at all.

. Pace and mind set for problem solving - If you spend time with top
technicaT talents at viork on the specific content of their job, a
somewhat obscure determinant of success can be observed. The nature
of complex problem solving requires a deep intensity and urgency
carried out in a calm and unhurried manner. The technical worker .
must be conscious of time, but not hurry. They must also be intense |
and involved without being frantic. “There must possess a mind set
analogous to top athelets who are said to play with "controlled
aggression.” The pressure of a situation must be channeled into a
specific action and not toward worry or frustration. This is no easy
attitude to master, hut it allows for full brain functioning and in
the case of an en, wuriny or technician who must get a system back
on 1ine whose down time ‘. measured in thousands of dollars per minute,
an absolutely iniispensable {and obviously valuable) attribute,

The ability to work with groups - As we have said in tne introduction,
modern high tech organizations are more and more characterized by work

roups comprised of traditionally separate and distinct organizational
functions. Today such a\work group might involve management, R&D, .

manufacturing, design, ana*qua]ity control personnel from all levels
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of the skill hierarchy in one group. CAD/CAM technology which
integrates design and manufacturing through a common data base and
communication network has done much to spawn such work organizations.
More and more the technical worker will be called upon to work in
diverse interpersonal situations. Educators have been told many
times that_today's business cannot use a person who is a non=-
communicator (if iu ever could).

A commitment to 1ife long learning - Continuing education and pro-
fessional development are the 1ife blood of the ;echnica] employee.
Computer systems double in speed and capacity every 18 months today.
This is but one example of the speed with which the technical
environment changes. The technical worker whq wishes to be success=
ful in any way, has no options.  He or she must be committed to

a lifetime learning process that may often have to be self-directed.
There are many courses and publications available, and many professional
societies 1isted.e1sewhere in this document, which sponsor continuing
activities. The key is that students who aspire to technical
comoetence must have the willingness to dedicate time to study and
continuous ecication.

The acceptance of, and a willingness to seek, change in the status quo -
This attitude was recently given as a characteristic of the world's

top business organizations in, In Search of Excellence. The high tech-

nology world is at best, constantly in a state of "ordered chaos."
There are many people who have difficulty with such a state of affairs.
However, the individual who wants a routine, rubricized way of life
will more than Tikely be miserable in a high tech environment. The
high tech worker must, as we wiil discuss in the next section, be

an experimenter
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and a seeker of change. Such an individual must learn the basic rules
of the game and then set about seeking new ways "to define how the ‘
game is played. The term "movers and shakers" must have been coined

especially for ;he high tech work world.
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Applied Problem Solving and Creativfgl

@
- This category of skill is so important in high tech occupations that
it warrants a discussion separate from the well known cognitive, psycho-
motor, and affective areas. Actually this ability is an integration of
knowledge with attitudes and skills. It calls for utilization of the ‘ery
highest levels of cognition in the traditicnal hierarchies of learning

(synthesis, and evaluation) and goes one step beyond into the realm of

what might be called artistic endeavor. -Perhaps the term high tebhno]qg1

in itself is an attempt at an analogy with high art or high drama.

The utilization of more and more of the creative side of technical
minds is a primé concern of high tech employers. Lester V. Ottinger,
President of Robot Systems Incorporated first brought this to the authors'
attention in an informal interview. Ottinger like most othef high tech

. employers is interested in how employees are able to apply their knowledge
to the creative solution of technical problems, Indeed most vendors of
high tech syctems such as computers and related equipment refer to their
products as "total solutions." Very innovative companies such as Digital
Equipment Corporation through their XCON "expert system" artificial
intelligence program, are now even teaching computers to "think" in this
creative way. e

Creativity calls for a complex set of attributes called by Dr. Rosateth
Moss-Kanter of Yale University in her book "The Change Masters: Innovation
for Productivity in the American Corporation; "kaleidascope thinking." A
process by which creative workers and managers use experiences outside their
field to bring shifts in thinking that create ne'; patterns of ideas Just

' . as the slight shift of a kaleidascope nakes new patterns of the fragments
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it contains. It is at this point that attitude is important, there must
be a willingness to depart from what is known or seen and explore what
is not known or unseen. |

The creative thinker in a technical environment then must be both

structured and visionary . He or sh’ sust employ what is called "whole

brain thinking." For years scientists have investigated the workings and
interrelationships of the right and left hemispheres of the brain.
Psychologists now believe with some certainty that the left hemisphere
controls the verbal, logical, and analytical skill functions wﬁi]e the

right hemisphere controls more intuitive, inspirational and creative thinking.
Most people while functidning from both hemispheres in some situations,
are either right brain or left brain dominant. One can quickly note that
both right and 1eft brain functions are important in technical problem
solving. "Seeing" a creative solution to a problem, and then analytically
constructing and testing that solution (making it play, so to speak) is

at the very heart of what must be done to be successful in Johigh tech
environment, A thorough treatment of this subject that is of considerable

value to educators may be found in Whole Brain Thinking: Working from

Both Sides of the Brain to Achieve Peak Job Performance, by Jacquelyn Wonder

and Priscilla Donavan (New York: William Morrow & Co., 1984).

And amplification of what is needed for analytical prob]em solving
skills and attitudes which is directly related to the whole brain concept
can be found in the work of Anthony Gregorc on learning style An Adults

Guide to Style; and Technical Manual: Research Background and the Gregorc

Style Delineator, (Maynard, MA: Gabriel Systems, Inc., 1983).
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. Gregorc's research found four dominant learning styles that may be
related to the brain dominance research discussed above, Gregorc feels
that learners are dominatéd by either concrete or abstract thinking done
in either a sequential or random fashion as follows: )

1. Concrete sequential - This learning style uses the thinkiné channel
that involves labeling, remembering, and controlling discrete parts.
It is very methodical and steb-by-step and highly structured as
might be required in constructing, documenting, and debugging certain
computer programs. It is highly left-brain dominated.

2. Abstract sequential - This learning style uses the channel that deals
with abstract ideas, theories, and hypotheses. When well developed
the channel Allows the learner to visualize a total systeﬁ or
solution and develops a model or blueprint of how the solution may

. be reached. This shows a right-left brain interrelation with perhaps
a slightly dominant right.

3. Abstract random - This channel is highly artistic, creative, sensory,
and intuitive. It takes in the fully sensory input of the environment
and offers aﬁ expression of it. It enables us to "see what everyone
else haé.seen and think what no one else has thought." This channel
is highly right brain dominated.

4. Concrete random - This channel predisposes the learner to be "scientific",

to look into things to see-what makes them work (concrete) but also
to be inquisitive, question, and experiment (random). It is highly
typical of the technical/scientific mind which creates new so]utjgnsﬁa~‘“"uw
from long research and experimentation. This chaqu].showé“1g%t-right

‘ interrelationships with some left dominance.”
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These learning ety1es are important te educators as they/bear
heavily on the type of instruetion that will be successful and imply that .\\
no one class can be taught in totally the same way if all are to progress.

(See Gregorc' and Butler "Learning is a Matter of Style", Voc Ed, April,
1984.)
2_ From the standpoint of the kinds of minds and thought processes that
i must be developed fer the techno]ogicé] workplace, this research has
enormous implications. In the engineering, scientific, and technical
environment it can be seen that. the teehnica1 worker who is successful
above all others will utilize eeveral styles as follows:
| A. May get a sensory or inituitive impression "out of tne blue,” of
a solution to a problem. A visionary r1ght brain, Abstract Random
thought process typical of many knowledge breakth;oughs.
B. The idea must be subjected to an analytical thought process and . 0

alternate hypotheses and probab111ties thoroughly considered and 2
checked cut before research and development can be rea]iStical]y n
pursued (an idea for a product or design must.offen be laid out in
a presentation and sold to management before they will allow R&D to
begin.) This 1nvo]ves abstract sequential thinking and right-left

) interaction. T .

| _C,--ﬂﬁéfe;er.device or process is visualized must be constructed,

evaluated, experimented with, tested over and over and explored in

every way. Much serendipitous knowledge such as the discovery of ©

x-rays, the development of 1ight bulbs, etc. has been generated

e

= -

through the test and shake-out procedure. This is abstract sequential

" a—
-

thinking, left-right orientation and the heart of the R&D experience.

/
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D. Whatever is built or generated must be documented (as in'computer
programs) to be useful. Manuals and directions must be foi]owed, step .
by step, research data must be poréd over quantified and labeled,
research reports must be written. This highly left brain, Concrete .
Sequential behavior.

Educators should note from this discussion, that while all styleg of
learners are needed in technical work roles, those individuals who aré
able to use all styles and consequently right and left brain simultaneously
will be-the most'cregtive. the most analjtica] and therefote the most
productive And valuable. This says quite a lot about the kind of educational
experiences that should be provided. It says that such éxperience must
be at the same timeibroad. and deep. As we shall point out later, it
says much also about the integration of subject mat;er and the use of a

practical problem solving approach to the teaching/learning process.
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* A Pre-Technical Curriculum b ,/' ¢

The instructional blocks and related q?mpetencies that are presented
here are the resuft of.résearch with industry conducted by'the High Tech-
nology Curriculum Project at Georgia State University ovep/a period of
years from 1982 to the present date. The specific individuals and organi-
zations surveyed in this research are noted in the ackﬁéwledgements -
~section of this publication. Additionally, tﬁe 'tate/Department of Educati
has supported the organization of Curriculum Advisoiy Council for Engiﬁ;ering
~Techrology which méets regularly to review and recommend curriculum in
technical and pre-techniZal programs in the State‘s public secondary and
post-secondary Vocational-Technical Schools and 2 year colleges.

On the following pages are examples of high school pre-technical
curriculum tracks developed at Walton High School in Marietta,"Georgia
which has attempted to develop a pilot program based on the curriculum

model presented in this publication.

We should perhaps make clear at this;point that a pre-technical curriculum

refers to a high-school or other preparatdry program of instruction, that

prepares students to enter & post-secondary program at the associate

degree or higher level in a technical, technological, or engineering

related discipline.
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~ SECONDARY SCHOOL TECHNOLOGY
' SEMESTER SYSTEM

TECHNICIAN

1st Semester

Grammar/Composition I 92
Algebra 1 92A

- Ipt Electronics o
Typewriting ' i
General Science 92A
Int Drafting |

P

2nd Semester
Int Litgrature 92
Algebra I 928

Electronics IA (2 periods) ,

General Science 92B
Drafting IA (1 period)

3rd Semester
Grammar/Composition I 102
@ometry 92A

Biology 101A°

wor1d History 101A
Elcctronics IB (2 periods)

4th Semester
Lit Types 102
Geometry 92B

*Biclogy 101B

World History 102A B
Int Computer Programming
Drafting IA (1 period)

5th Semester

American Literature 112
Algebra 11 102A

Descriptive Chemistry 112A-
Becoming Physically Educated
U.S. History A

Special Computer Projects

4

6th Semester

Composition III 112
Algebra I1 1028
Descriptive Chemistry 112B
Drafting IB (2 periods)
U.S. History B

7th Semester
Composition IV 122
Probability/Statistics
Physics A
Health <
Drafting”I1IA (2 periods)

-~

8th Semester. )

"English Literature 122

Trigonometry

Physics B

American Government 122
Economic Studies
Drafting IIB (1 period)

Summary:
Englisﬁ - 4 units
Mathematics - 4 units

Science - 4 units ?
Social Studies - 3 units »

“Rersonal Development:

Health - % unit
Becoming Physically Educated - % unit
Typewriting - % unit

Pre-technology:
Computer Programming - 1 unit
Drafting - 4 units
E]ectrOnicgl- 2% units

TOTAL 28

This Curriculum meets Georgia's
Graduation Requirements now in
effect thrcugh the 1987-38 school
year. B

.
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SECONDARY SCHOOL TECHNOLOGY
SEMESTER SYSTEM

1st Semester

Grammar/Composition I 92
Algebra I 91A

Physical Science 91A

Int Electronics
Typewriting

Foreign i.anguage

2nd Semes ‘er

Int Literature 92

Algebra I 91B

Physical Science 91A
Electronics IA (2 periods)
Foreign Language

3rd ‘Semester

G~ammar/Composition II 142

. Geumecry 91A

Biology A
World History 101A
Electronics IB (2 periods)

4th Scmester

Literature Types 102
Geometry, 91B

Binlogy B

Worid History 101B
Electronics IIA (2 periods)

5th Semester

Composition III 112
Algebra I. 101A
Chemistry IA

Becoming Physicaliy Educated

U.S. History A
Int Computer Programming

TECHNOLOGIST

6th Semester

American Literature 112
Algebra II 101B

Chemistry IB

Special Computer Projects
U.S. History B

Int Drafting

7th Semester

Composition IV 122
Analysis A (Pre-Calculus)
?rssics A

Health

Special Computer Projects
Drafting IA (1 period)

8th Semester

English Literature 122
Analysis B (Pre-Calculus)
Physics B

American Government
Economic Studies

Drafting IB {1 period)

nglish - 4 units
Mathematics - 4 units (through pre-calculus)

Science - 4 units
Social Studies - 3 units

rarsonal Development:
Health - % unit
Becoming Physically Educated - % unit
Typewriting - % unit
“oreign Language - 1 unit

Pre-taechnology:
Computer Programming - 1% units
Drafting - 1% units
Electronics - 3% units

TOTAL 24

This Curriculum meets Georgia's Graduation Requirements now in effict through

tha 1987-88 school year.
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SECONDARY SCHOOL TECHNOLOGY
. SEMESTER SYSTEM

ENGINEER/SCIENTIST
1st Semester 6th Semester ‘
Grammar/Composial?n I 91 ~“English Literature 121
Geometry 91A Analysis B (Pre-Calculus)
Physical Science 91A Chemistry IB
Foreign Language ; U.S. History B or AP History
Typewriting | Health
Int Electronics Special Computer Projects
2nd Semester 7th Semester
Int Literature 91 Composition IV 122 or AP English
Geometry 91B Calculus A
Physical Science 91A Physics A
Foreign Language Chemistry IIA
Electronics IA (2 periods) American Governmernc

3rd Semester Special Computer Projects

Grammar/Composition II 101 8th Semester

Algebra II 101A World Literature 121 or AP English B
Biological Frontiers 101A Calculus B ‘
World History 101A Physics B

Foreign Language . Chemistry IIB

Int Drafting Economic Studies

4th Semester Advanced Drafting (1 period)

American Literacure 111 Summary:
Alae: 11 1018 Englisﬁ - 4 units

geora Mathematics - 4 units (through Calculus)
Biological Front.2rs 1018 Science - 5 units

Social Studies - 3 units

World History 101B
. Personal Development:
Foreign Language Health - % unit .
Drafting IA (1 period) Becoming Physically Educated - % unit
Typewriting - % unit

Sth Semester Pre-technology:

Composition ITI 111 Computer Programming - 1% units
e Ay
Analysis A (Pre-Calculus) quztlggicslf g;‘ﬁiits

Chemistry IA

U.S. History A or AP History TOTAL cd

Becoming Physically Educated This Curriculum meets Georgia's .
, Graduation Requirements now in

Int Comouter Programming effect through the 1987-88 school

year.

Q 38
ERIC 84




Implementing A Pre-Technical Curriculum

This section is intended to give some hints and information on program
organization and program development. There are six sub-headings of
importance:

1. Obtaining Information

2. Program Descriptions

.3, Obtaining Input from Business and Industry

4, The Teaching Team: ﬁntegrating Technical and Academic'Curricula

5. Application/Problem Solving in a High' School Environment

6. Equipment and Materials

918 5
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Obtaining Information
There are several categories of information sources that can be of help in
planning a pre-technical curriculum. Looking at what has been done in
other places can save a great deal of planning time and give the program
a firm basis of validation from the beginning.
State Education Agencies - Several states have begun technical and pre-
technical programs in the last few years and;months notable among these of
course is our own State of Georgia effort under the direction of Dr. Raymond
E. Morrison the High Technology Coordinator for the state, and the High
Technology Curriculum Project at Géorgia State University which is responsible
for this publication.
Other states which have mounted significant efforts are: Florida, South
Carolina, Nprth Carolina, Ténnessee. I1linois, Wisconsin, Michigqn. and
Ohio. Fortunately there is information source that can be typed which ties
together State Department of Education and their various projects: The
National Network for CurricuThm Ceordination in Vocational Technical Edu-
cation. It has regional centers as follows.

Northeast Curriculum Coordination Center

NJ Vocational Ed. Resource Center
Rutgers University

_~—"200 01d Matawan Road

C1d Bridge, NJ 08857

Southeast Curriculum Coordination Center
Mississippi State Universicy

Research and Curriculum Unit

Drawer DX,

Mississippi State, MS 39762

East Central Curriculum Coordination.Center
I1linois Vocational Curriculum Center
Sangamon State University, E-22 -
Springfield, IL 62708

4
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Midwest Curriculum Coordination Center

State Department of Vocational and Technical Education
1515 West- 6th Avenua

Stillwater, OK 74074

Northwestern Curriculum Coordination Center
Building 17, LS-10

Airdustrial Park Building

Olympia, WA 98504

Western Curriculum Coordination Center
College of Education, Wist Hall 216
University of Hawaif

1776 University Avenue

Honolulu, HI 96822

Representatives from ti- southeast are given below. Please contact

Patt Stonehouse (address below) with the Georgia Department of Education.
for Curriculum information in the State of Georgia. '
A13DAMA « o « « o o o s o o o o o s o o o Jim Kendrick

Vocational Curriculum Development Unit
Division of Instructional Services
State Office Building, Room 802
Montgomery, AL 36130

(205? 261-~5225

F]orida [ J [ 4 .. [ 4 [ 4 [ ] L] [ ] [ 4 [ 4 [ 4 [ 4 [ 4 [ 4 [ 4 [ ] [ 4 Davi.d. mouat

Vocational Division

State Department of Education

Knott Building

Ta" aihassee, FL 32301 -
(1) 488-1831

GEOrgiad o o o o o o o o o o a0 0 00 oo Patt Stonehouse

Office of Vocational Education
ueorgia Department of Education
Twin Towers East, 17th Floor
Atlanta, GA 30334

(404) 656-4059

KentUCky...--......-.o...JOJﬂHUY‘tOH

Curriculum Development Unit
nffice of Vacational Education
2024 Capitol Plaza Tower
Frankfort, KY 40601 e
(502) 564-2890.
'- 87
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Mississippi « ¢« o ¢ ¢ ¢ ¢ ¢ ¢ ¢« ¢ o o o o o o Jimmy McCully

. Research and Curriculum Unit
P.0. Drawer DX
Mississippi State University
Mississippi State, MI 39762
(601) 325-2510

North Carolina « « ¢« ¢ ¢« ¢« ¢ ¢« ¢« o « s « &« » « Meg Murphy

Division of Vocational Education

North Carolina Department of Public Instruction
Room 550, Educational Building

Raleigh, NC 27611 '

(919)-733-7393

South Carolina . . . . . « o o o o s oo s s o Ribert T, Benson
Vocational Curriculum Development Section
1237 Gadsden Street _

Columbia, SC 29201
(803) 758-5971

TEI‘IHESSEE....-...............vaca_nt
- Curriculum & Professional Development
' Division of Vocational-Technical Education
Tennessee Department of Education
205 Cordell Hull Building

Nashville, TN 37219
(615) 741-3446

. Technical Societies and Organizations -~ One of the best sources of infor-
.mation, materials, and even grant; and financial support are the various
technical and engineering societies. These organizations sponsor 1iterally
thousands of projects eaci. vear in conjunction with educational institutions.
Most a]so)have A-V 1ibraries which may be called upor.. In Georgia, the
Instrumeq} Society of America, The Society of Manufacturing Engineers, The

Georgia Society of Professional Engineers (404-355-0177), and the IEEE have

-——

sponsored important educational activities. A partial list of such organi-

zations is provided below.
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SOCIET1LS AND ORGANIZATIONS

American Automatic Control Council (AACC)
P.0. Box 12277, Research Triangle Park, NC 27709 919/549-0600

Numerical Control Society (Automatic Control) (NCS)
519 Zenith Drive, Glenview, IL 60025 312/297-5010
Responsibility for the application of numerical control techniques.

Institute of Electrical and Electronics Engineers (IEEE)
345 East 47th Street, New York City, NY 10017 212/644-7910

“International Society for Hybrid Microelectronics (ISHM)
P.0. Box 3255, Montgomery, AL 36109 205/272-3191
Ceramics, thick/thin films, semiconductor packaging, discrete semiconductor
devices, and monolithic circuits. Bimonthly newsletter.

National Engineering Consortium (NEC) (Not an association)

1211 West 22nd Street, Oak Brook, IL 60521 312/325-5700

-Provides fellowships, scholarships, grants, and endowrents to engineering
students for furthering electronic training.

Accreditation Board for Engineering and Technology (ABET)
345 East 47th Street, New York City, NY 10017 212/644-7685 ‘
Accredits college engineering curricula and engineering technology
programs.

American Association of Engineering Societies (AAES)
345 Fast 47th Street, New NY 10017 212/686-5676 .
Advance the science and practicd of engineering in the public interest.

American Institute of Industrial Erginecrs (AIIE)
25 Techn8logy Park, Norcross, GA“30092  404/449-0460
Design. improvement, and installation of integrated systems of people,
N materials, equipment, and energy.

American Institute of. Plant Engineers (AIPE)
3975 Erie Avenue, Cincinnati, OH 45208 513/561~6000
Newsletter 8 times/year; journal quarterly.

~ American Society for Certified Engineering Technicians  (ASCET)
4450 West 109th Street, Overland Park, KS 66211 913/341-5669
Skilled technicians whose training and experience qualify them to
provide technical support and assistance to registered professional
engineers. Certified Engineering Technician, bimonthly.

Automaied Procedures and Engineering Corsultants  (APEC)
Miami Valley Tower, Suite 2100, Dayton, OH 45402 513/228-2602
Application of up-to-date computer technology to building design.
Journal, bimonthly.

Engineering Technologist Certification Institute (ETCI)
2029 K. Street, NW, Washington, DC 20006 202/659-5773 .
Not a membership organization. Issues certificates Associate

Technologists and Engineers.

X
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~ American Physical Society

Societies and Organizations (contd,)

American Institute for Design and Drafting (AIDD)
3119 Price Road, Bartlesville, 0K 74003 918/333-1053
Design and Drafting News, monthly.

Design and Dratting Management Council (DDMC)
P.0. Box 11811, Santa Ana, CA 92711 -  714/838-5800
Computer-assisted drafting. Library. Commentary, monthly.

Engineering Reprographic Society (ERS)
P.0. Box 5805, St. Louis, MO 63134 314/232-7386

American Federation of Information Processing Societies (AFIPS)
1815 North Lynn Street, Suite 800, Arlington, VA 22209 703/558-3600
Serves as national voice for the computing field, advances knowledge
of the information processing sciences.

Association for Computing Machinery (ACM) :
1133 Avenue of Americas, New York City, NY 10036 212/265-6300

Computer and Automated Systems Association of the Society of Manufacturing
Engineers (CASA/SME) '
Box 930, One SME Drive, Dearborn, MI 48128 313/271-1500

Instrument Society of America (ISA) ‘
P.0. Box 1227, Research Triangle Park, NC 27709 919/549-8411
Instruments and controls in science and industry. Instrumentation
Technology, monthly.

Society of Manufacturing Engineers (SME)
P.0. Box 930, Dearborn, MI 48128 313/271-1500
Library. Manufacturing Engineering, monthly.

American Society for Mechanical Engineers (ASMEJ"
345 East 47th Street, New York City, NY 10017 - 212/644-7722
Sponsor for ANSI, Library. Applied Mechanics Review, monthly.
Mechanical Engineering, monthly, _

Amer‘ :an Institute of Physics (AIP) -
335 East 45th Street, New York City, NY 10017 212/661-9404

-

335 East 45th Street, New York City, NY 10017 212/662-7341

American Society for Quality Control (ASQC)
161 West Wisconsin Avenue, Milwaukee, WI 53227 414/272-9575
Quality Progress, monthly.

International Institute for Robotics (IIR)
Box 21078, Dallas, TX 75211
Small Tibrary. Robotics Newsletter, monthly.

Robot Institute of America (RIA)
P.0. Box 930, Dearborn, MI 48128 313/271-1500
Robotics Today, quarterly.
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Societies and Organizations (contd.)

American Production & Inventory Control Society  (\PICS) ‘
500 W. Annandale Road ' ' '
Falls Church, VA 22046-4272 703/237-8344

Computer Aided Manufacturing-International Inc. (CAM=~1)
611 Ryan Plaza Drive
Suite 1107
Arlington, TX 76011 817/365-5328

Electronics Industries Association (EIA)
2001 Eye Street, NW
Washington, DC 20006 202/457-4900

Institute of Industrial Engineers  (IIE)
25 Technology Park
Norcross, GA 30092 404/449-0460

National Computer Graphics Association  (NCGA)
2033 M. Street, NW _
Suite 330
Washington, DC 20036 202/466-5895

Numerical Control Society (NCS)
519-520.Zenith Drive

Glenview, IL 60025 312/297-5010
World Computer Graphics Association (WCGA)
2033 M. Street, NW ‘
Sujte 250
Washington, DC 20036 202/715-9556

American Society for Engineering Education (A“SE)
. 11 Dupont Circle
> Suite 200
Washington, DC 20036 202/293-6080

ICAM (Air Force Integrated Computer Aided Manufacturing)
Program Office
Air Force Materials Laboratory.

v Wright-Patterson Air Force Base
Ohio 45433

Robotics International (RI/SME)
P.0. Box 930, Dearborn, MI 48128 313/271-1500
Library. Robotics Today, bimonthly.

American National Standards Institute
1430 Broadway, New York City, MY 10018 212/354-3300

. Journals & Periodic.1s - Many hundreds of technical journals and other
periodicals are published in this country. They are important sources of
information 2nd each school should develop a library of 3ubscr1pfion. We
are providing only a partial list. (There are at least 75 monthly maga- ‘

zines today dedicated to computers alonel!)
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JOURNALS AND OTHER PUBLICATIONS

. American Journal of Physics, monthly $25
335 East 4bth Street, New York City, NY 10017

American Machinist, biweekly, $25
1221 Avenue of the Amer!cas, New York City, NY 10020

Canadian Controls and Instrumentation, monthly, $10/12
481 University Avenue, Toronto, Ontario, Canada M52 1A7

Canadian Electronics Engineering, monthly, $10/12
481 University Avenue, Toronto, Ontario, Canada M52 1A7

Computer, monthly, $30
5855 Naples Marine Plaza, Suite 301, Long Beach, CA 90803

Computer Decisions, monthly, $15
50 Essex Street, Rochelle Park, NJ 07662

Computers and Automation, 13 times/year, $18.50
815 Washington Street, Newtonville, MA 02160

Computerworld, weekly, $12
797 Washington Street, Newtonville, MA 02160

Data Management, monthly, $8
~ 505 Busse Highway, Park Ridge, IL 60068

Datamation, monthly, $18
‘ 35 Mason Street, Greenwich, CT 06830

Design Engineering, monthly, $12/15 )
481 University gvenue, Toronto, Ontario, Canada M52 1A7

Design News, biweekly, $20 _
221 Columbus Avenue, Boston, MA 02116
EE - Electrical Equipment, monthly, no price 1isted

172 South Broadway, White Plains, NY 10605
(Instrument Society of America)

Electromechanical Design, monthly, $20
167 Corey Road, Brookline, MA 02146

Electronic Design, biweekly, $25
50 Essex Street, Rochelle Park, NJ 07662

Electronic Engineering Times, 26 times/year, $8
280 Community Drive, Great Neck, NY 11030

Electronic News, weekly, $9.50
7 East 12th Street, New York City, NY 10003

Electronic Technician/Dealer, monthly, $6
Third Avenue, New York City, NY 10017

Electronics, biweekly, $12
1221 Avenue of the Americas, Néw York City, NY 10020
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Engineering Education, 8 times/year, $20
~One duPont Circle, Suite 400, Washington, DC 20036 ’
(American Society for Engineering Education) .

IEEE Spectrum, monthly, $3 /
345 East A7th Street, New York City, NY 10017
(Institute of Electrical and Electronics Engineers)

Instrumentation Technology, monthly, $7
400 Stanwix Street, 1ttsburgh, PA 15222

Instruments and Control Systems, monthly, $25
P.0. Box 2025, Radnor, PA 19089

Journal of the Association for Computing Machinerz quarterly, $30
1133 Avenue of the ricas, New York City, NY 10036 ;
Machine and Tool Blue Book, monthly, no price listed
Hitchcock Building, Wheaton, IL 60187

Machine Design, 31 times/year, $20
Penton Plaza, 1111 Chester Avenue, Cleveland, OH 44114
Manufacturing Engineering and Management, wonthly, $8.50
20501 Ford Roaa. Dearborn, MI §§§i§ AN
Mechanical Engineering, monthly, $10
345 Cast 47th Stree%, New York City, NY 10017
Physics Todag, monthly, $12
35 tast 4bth Street, New York City, NY 10017 : ‘ {
Process Design, monthly, no price listed o
¢l Columbus Avenue, Boston, MA 02116 '
Product1on. month]y. no price 1isted

P.0. Box 101, Bloomfield Hills, MI 48013

Tooling and Production, monthly, $10
5821 Harper Road, solon, OH 44139

Hewlett-Packard Journal
~3000 Hanover Street, Palo Alto, VA 94303

Technology, bimonthly, $24
Technology Informat;on Corporation, 2200 Central Avenue, Suite F,

Boulder, CO 80301

Tekscope - Tektronix, Inc. (customer information)
—P.0. Box 500, Beaverton, OR 97077

\
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. Co]]eges andFUn;versity - Over the past.few years many colleges and
. unive.f'sity have begun programs of special emphasis in hignh tech areas.
It is an e&treme]y valuable activity to invoive respresentatiVes
from local institutions of higher dearning in planning a high school
curriculum, Most would jump at the opportunity to help plan the
programs of students who plan to apply for admission to their schools.
In Georgia. Georgia Tech, Sputhern Tech, and most of the Area Post
thcondary Vocational school; are involved in offering the fraining
. required of technjcal workers. Many other schools offer computey
related (especially programmer) degree tracks. Of specia].intgrest

is the Advanced Technology Development Center (ATDC) at Georgia Tech

which is the State's be]]weatheh,organization for high technology
growth and development. Bther schools around the.country who have
_ ‘ o mounted signif_icant programs and who .could provide information are:
Westery, Michigan University
University of Bridgeport (CT)
Carnegie-Mellow (PA)
> General Motors Institute (MI)
Brighkam Young University (UT)
VPI (VA)
North Carolina State
University of Louisville ) .
Central Piedmont Communjty College (NC)
Piedmont Technical Co]?ige (SC)
Mi]waukeé Area Technical CcMege . : /

Macomb Community College (MI)

| ‘ Oakland Community College (MI) k\

-

.

4

101
ERIC. 94




Mast such institutions are willing to share program information

which can help secondary schools plan a viable curriculum, | ‘
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In this section we offer a brief description of how a program of -

pre-technical education would function if it were organized under optimum

- conditioﬂ;: ' o -
. A . a
- ’ g » -
Or‘ganization is as a’special program for selected students who wish o
to pursue q career in a’technical field and have the regy1red ab111t1es. d’ T

Students ad?trecru1ted and \nterv1ewed before being enrolled. A publiE:}y‘

campaigd with students and\parents 1s\conducted Students and parents

0.

are 1nd1v.dua11y counse]ed as to program content obJect1ves, and post-

high schpol educat1ona1 a1ternatﬁves. In many wqys the program functions S

' ™ \

ot
P

as do special programs of acce]erated 1earn1ng.

et — e
_,.K o )
. —u ~
—s.
.
-

A program coord1natqr is ass1gned and teachers in the required areas
are identifiéd and enlisted. Ideé]]y, téathers volunteer.to be a part of
. - ~ tie activity. The teathers cons1st’ )of a comt§'1natlon of trad1t10na1 ﬁ’

\

_academic and Qccupat1ona1 subject anea spec1a11sts.
Teacher meqt;together to review curricuium requirements and select

*a track qgghourses appropriate for alternative career routes (as per the

~, . examples bresented in Sectidn frI). New'toursesqane proposéd and old
, P . ; s T !
’counses.amended as appropriate. chumentation in the form of course =

-

descr1pt1ons, content out11nes, and course obJect1wes are as;emb]éd into

\\a curriculum guidebook su1table for sharing with school staff, parents,

v4
and other 1nterested partles.'

; Students are schedu]ed into appropr1ate classes,eacﬁ*quarter and this
prqcedure is mon1tored by the proqram coOrd1nator
An 1n§bstr1al adv1sory conmittéé is formed early in program deve10p-

‘ ' ment to réview the curriculum and instruction process.
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The program coordinator meets with representatives of post-secondary
schools and colleges to cultivate avenues for articq]ated student flow into
the appropriate curriculum for their career interest.

~ A11 teachers in the program meet regularly to coordinate learning
experiences. A special project involving ail students and all classes
is designed and conducted once each year. Students are kept up to date
on the technical work world thrcugh guest speakers and field trips. A
cooperative work arrangement is designed for selected students in their
senior year. Some students enter post-secondary_education institutions
early through some form of "senior plan." ¢

A1l students ére followed up on periodically ufter graduation and
data on longitudinal outcomes maintained. This data is utilized to amend
program design as needed. The total time frame for initiating and putting
the program inlp1ace requires at least one full year (including summer

planning time). A student would participate for at least three and

preferably four years of their time in high school.
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Obtaining Input from Business & Industry

The concept of technical advisory committees has been arouﬁd for
many years in the occupé£;6551 eduzgigon éommunity. Unfortunately the
degree and quality of real involvement of business and industry in the
process of education has been extremely limited. The advent of the
technical revolution we are now experiencing has made it a necessity to
firmly establish education-industry )inkages. The technical work environ-
ment changes so rapidly that the:e is no way educators can keep progr ms
up to date by waiting several years for information to filter piecemeal

through traditional channels into the education literature. Each program

of teékpical preparation must have its own link with the industrial world
it will ultimately support. A functioning advisory committee is therefure
essential to the success of a technical preparation program.

It must be noted that the business and industrial community has shown

a great deal of willingness to participate with educators as active partners
in the design and implementation of effective curriculum and instruction.

An indication of this is given by the quotes from William Missimer of
Pratt-Whitney Corporation in the introduction to this publication. This
desire to be involved is not at all atypical of leading technical organi-
zations. There afe several reasons for this interest that educators shbu]d
be aware of:

1. Most "high tech" organizations have a high percentage of pro-
fessional personnel who see such involvements as a part of their
corporate as well as personal responsibility.

2. Industry understands full well that education for a technically
competent workforce is absolutely essential to the welfare of

not only their own industry but the entire American economy.
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3. Most industries actively encourage and are.gdenuinely coﬁcerned about

their company and employees' involvement with the community in which .
they are located as a means of maintaining good public relations and |
hence acceptability for their products over the long term.
It is unfortunate but true, that most educational institutions do not

have the same commitment to industry-education partnerships that the private

sector has. One can only guess at the probable causes for such short-

sightedness but some of the resistance is due to the following:

. The orientation of schools to not think beyond their mission as
feeder institutions for colleges and thus concentrate on these
linkages $1one.
. Inadequate exposure of most educators to the world of work outside
the public sector .
. An apparent fear by some educators to open up programs and curricula ‘

to any form of outside scrutiny.
The obstacles to industry-education partnerships can only be overcome

by educators themselves. The resources are there, if we are only willing

to use them. We put forward here some ideas and strategies which may be

of benefit in setting up such formal relationships.

. A technical advisory committee must be more than a perfunctory group

formed for their influence potential alone. This body should be
knowledgeable enough to review and recommend courses and curriculum
based on their understanding of technical occupations. It should be
composed of those members of business organizations who have first
hand knowledge of skills required and these usually have an engi-
neering, production, R&D, first line supervisor or other "firing-1ine"

joh assignment as opposed to a staff or middle management position. ‘
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The.group should have a regularly scheduled meeting with a fixed

agenda no Tess than twice per year. Additional meetings that are
needed to completé assignments should be set by the group so as to
be most compatible with a]]hschedules. It is essential that such
groups be organized as workiﬁg bodies for the expressed purpose of

having direct input into program design.

Informal commnunication with and among all group members should be

encduraged at any time information exchange seems pertinent. Members
should be encouraged to visit the school to gain first hand knowledge
of what happens in an educational environment and learn more about

the realities of working with young people. By the same token, edu-
cators should as often as possible visit and observe the work envi-
ronment of the advisory committee members.

The use of a survey or "cold" communication to gather information

or enlist support from industry for such matters as advisory committeeg
are less than effective, and show a lack of sophistication to thg
business community. A1l contacts should be made in person if

possible and by phone at the very least. These contacts should proceed
through appropriate organizatiopal channels beginning at the highest .
level unless some other personal entre has been develoaped.

Be sure that the service that the advisor is rendering to the school

and program is duly recoanized and-pub]icized'in the name of the individual
and his or her organization. Be sure also to commend the advisor in

writing to his or her superiors within the company. Involve the highest

level of authority within the school or system in naming the advisory

" committee and be sure that such formal appointment is duly registered

with the advisor's organization. It is important that the educational
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community be conscious at.allﬁtﬁmes of the need to offer industry . . -

as much tangible and intangible return un the investment of their’ ° '

/

time and talent as is possib1e.’

. Finally, all other efforts are for nothing, if any meeting or contact
is conducted in anything less than a professional manner. |
There are some important sources of information for local schools in

the conduct of schuol-industry partnerships in our state. Some of_thesé
inclyder -
,‘

/ _
The State Advisory Council on Vocational Education ' —
18 Executive Park Drive, NE ’ :

Atlanta, GA 3U329 o ,

(404) 894-2385 ‘

Dr. David Morgan, Executive Director .
(This group provides an excellent publication on forming and using

“advisory committees) ' .

The -Governor's High Technclogy Advisory Council -
1766 Twin Towers East s
Capitol Square - .
Atlanta, GA 30334

(404) 656-2547

Dr. Raymond E. Morrison, High Technology Coordinator

(This group is the overall advisory board relative to technology and
education for the Governor's Qffice and for the Department of Education)

The Georgia Curriculum Advisory Council for Engineering Technology
400 Courtland Building ’ :
. Georgia State University

Atlanta, GA 30303

(404) 658-2500

Dr. Kenneth R. Allen, Executive Secretary -8
(This group is an arm of the Governor's High Technology Advisory Council: )

and serves to review and recommend curriculum to technical programs in

Georgia Area Vo-Tech Schools)

¢

The Techniquip Foundation Research Project

Vocational and Career Development Department

Georgia State University

University Plaza

Atlanta, GA 30303

(404) 658-2500

Mr. J. D. Fowler, Project Director

(This project is developing the quidelines and procedures for a foundation
invalving the Business Council of Georgia for purposes of coordinating
donations of msterial, equipment, personnel, and other contributions to ‘
the public schools and colleges)
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The Atlanta Parthersh1p of Business & Education-

Georgia State University . .
. ‘University Plaza L ‘

Urban Life Suite 736-739 .

- Atlanta, GA 30303 . »
(404) 658-2557 .
Dr. Boyd D. Odom, Executive Director

(This group coordinates the relationship of the Atlanta Public Schuols,
Magnet School program with advisors from the business community)

L ]
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. The Teaching Team: Integrat1ng Techn1ca1

’ : _ Academic Curricula

While it is possible to deve]qp a pre-technical track by simply

plugging students into appropriate classes in the subject areas mentiohed
. . in this document, the school or system that wants a proaram of high impact
’ will be'well advised to plan 5t around & carefully articulated program of .
4 instruction with specific outcomes in mind. Forming a team of teachers |
to work in concert with the students opting for this track is a sure way
of adding to the impact and identity the program will have.
Technical subjei; matter in modern industry is characterdzed by
coﬁb]ex systems interactions. High Technology devices such as industrial
robots, and even automobiles are composed of an elaborate and highly inter-
active set of components under some form of sophisticated control either
‘ human, computer-aided or a cybernefic combination of the two. Electronic,
fluid, mechanical, thermal, optical electro-magnetic, etc., components
and systems wark in concert with each other, In order to deal with such

-

an environment a student will have to understand mathematical and sc1ent1f1c
concepts as they cccur in 1nterre1at1on and are a;p11ed in mé’han1sms,‘
devices, qu complex systems, If this is ever to happen it is important
that the'teaching of such cohcepts be planned and conducted thqpugh an arti-
culated multi-disciplinary approach. There is further, perhaps no more
important concept in education'for technology than to understand that the
present techrological revolution in American (and worldwide) industry is
characterized and 1itera1iy driven by the immediaté application of new
knowledge to some practical product or outcome. The frontiers of science

and the frontiers of engineering are virtually one and the same, for almost

‘ as soon as any new conceptual breakthrough is made, somecne designs something
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that employs it in the real world. And indeed the converse is true. Just

‘as the demand for cures to deadily diseases has driven research in the

\,

. -medical sciences so has the demand fé} smaller, faster, - 1 cheaper elec-

’ .
tronics groducts-driven research in the physical scier

It is consejuently long past time that scholars and educators in
mathemgtics and scientific diécip]ines understand that their Subject
matter should no longer be.\taught without concrele experiencés in the -—
utilization of these concepts in the real world. It is for this reason
also that the concept of the teaching team is 5o important tc education
for technology. A teaching team can insure that what is learned in one -
subject area is reinforced and applied as appropriate in all others.

The team concept could function according to the following scenario:

The team would consist of one tedcher (or more as needed)

from math, physics, electronics, computer programming, drafting,

and design. Teachers would schedule weekly meetings to plap

-

activities, so that lessons in oqs area are §upported by other
areas. That is, appropriate math concepts are learned before
_they are needed, or as- they are needed, in physics. Appropriate
subjects such as magnetism, work and_power, resistance etc. are
in turn covered in physics before, @k as, they are needed in DC
electricity. Instructors would also insure that as topics are
learned in the c]assfoom, appropriate opportunity for application
of these concepts is provided in 1ab courses through experiments
and activities. At least once each year instructors might plan

a project that could be worKed on across all classes such as the

design, analysis, construéiion, testing and test reporting of a

simple device. The teaching team would in short, assure that the
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'aéplications of all kﬁowledﬁe.gained reinfdrce& theory, and that

‘ students became aware ear]yJon,' of th-e interdisciplinary nature of

technicaﬂ prdb]em so]ving Vocational Taboratory classes in many

areas 1nc1ud1fg electronics, e]ettro-mechan1ca1 utﬂhot1ves, metals,

and most others provide a natural opportun1ty for the application of

math and science.concepts to work world prohlems, For this ieason

it is important that pre-technical education be viewed as a combined

vocational-academic activity. ,

. * The integratfon.of technical and academic curricula is facilitated by
the leadership of a local advo§ate. This staff member must have established
personal and profé§;iona1 credibi]fty with the administration and teaching.
staff of the local secondary schdo1. This individual must be enthusiastic
and dedic&ted to the idea that technical education is indeed the applicafions

‘ laboratory for the concepts presented in the academic arena. The ability

" to mold a'working team is an ihportant characteristic of the leader who

‘takes on the role of integrator. ‘

A working relationship and coordination of effort§ should be established .
between the integrator and the chairman of the math OR science department .
(the personalities of the individuals will somewhat determ{ne which of these
occurs first) so that follow-up efforts for a larger team will have impetus
from two enthusiasts. In order to achieve the desired results, the indivi-
duals/depar:ment chairmen who work on this integratind team must be personally
motivated rather than assigned to the effort. It is possib]é that in some .
settings, the department chair is NOT the person to represent an academi.

area. However, it would be advisable to assure that the. chairman is informed

about any formal activity which might have impact on the department.
®
. A
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Just as importantwis the premise that the ihtegration takes place

' thro\Jgh the efforts of a TEAM and not a committee. Maybe there should be ) ‘ .

8
no forma] 1dent1f1cat10n of the group unt11 after it is successfu1, not

"before. nry1ng to define chem1stry,w1th]n a working, successful team is ¥ "

Aifficu1t,'if not ﬁmpossib]e. It is likely that a person from the technical
areas could generate more personal motivation fof the effort since tradi-
tionally the academic areas have 'credibility' conferred oﬁ them by default,
and the teihnical staff is at a distinct disadvantage in most local buildings.

The local advocate needs to accept the possibility that the integrating
efforts will take a while to start to show results. The team members must .
realize tﬁat informal influence on students is often stronger than formal
classroom presentations. The student qetwork'spreads the good or bad word e ¢
about the value of courses and the professional integrity of specific'téachers.,
Therefore, it is extremely important that ‘team members be.se1ected who o ‘
work well with students and have established credibility in their sgbject“ o -
area. If these characteristics are combined with some profbssionéi experience

iy the 'work world,' the team gandidate will provide invaiuable expertise
Y

\\‘

to the integration effort.
Inter-departmental dialogue will increase and improve with participation .

in other department staff meetings. The use @* this technique requires

personal trustfbetween the hosting chair and-the visitor., Visiting as an

observer on several occasions prior to 'speaking up' will enhgnce the

chances of success in continued dialogue. . //Qr

_lf -
The sequence of activities to initiate and consummate an integration

effort follows: =
1. Coordinator of integration is selected or volunteers when made
aware of potential advantages of effort, ‘
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. 2. ;oord1nator‘estab]1shed dialogue with one other techn1ca1 department.

,3:' Two departments identify commonalities in subject matter. Vﬁs ~ ol
- 4. Chrono1ogy and 1nter-mesh1ng of shared/common sk111s are 1dent1f1ea: . ,-‘,ﬁ.
. 9. Specific techn1ca1 laboratory activities are 1dent1.1ed ~h1ch would o | .
re1nforce:concepts threugh nands-on experfenqe. ~ : —'Eif;' ' RX
6. Teaching methods are scfred between departments to.assure that s1m1i§r . .f i o

subject matter is being presented clearly by both groups., An example 5:- ] '\
of th1s is the universal need for sc:ent1f1c notation and the coyyntless | v
ways 1t can be taught. The plan 1s'not to teach the same way in all C \&
lasses since stddents learn in one eetting-when it is.confusing in T

a(nether° But, time sﬁent unlearning/relearning the same ski™ is_ - | |
precious time which could b€ used in more productive ways. . | .

7. Technical teachers help academic teachers formulate 'work world* “' a o
examples. A repertoire of good, rea]tstic problems~ takes tfme to |
:ccumu]ate, and the time spent by the academic teacher could be '
reduced if'assistance is available.” Common terminology exists
throughout the technical, scientific, and mathematical areas of . -
expertise, and 'singing off the same sheet of music' s 1mportant7 'jr

8. Technical teachers must establish personal credibility with the1r
academic counterparts s0 that academic teachers can.recommend, in a
good faith, that their students take_c]assee 1in the technical area. " ,E
In many schools, there is academic ahd soctal stigma associated'with ‘ |
taking classes in the non-academic courses. The technical teachers,
must be sure that their expertise and classroom management are beyond -
reproach until the time that some of the stigma and prejudice are . -
eradicated . « o they riust be better just to stay even.

9. When most of these ideas have been implemented successfully, it is

time to involve the third department and repeat the sequence with two
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experienced enthusias novice.

Mathematics - shau¥e asseme the 1iriking function between acadelhic‘and ‘

. “ technical education at the seconqary'leve1: Its role as the tool of ;
scientific application, commurnications }ink, and -international language -
of scientists places upon -tt the responsibility for weddtng these areas

?

" of expertise.

when a student studfes pH in chemistry, e must have some concept )
of 1oéarithms. If the study of chemistry precedes;the %ntroductign of
1ogahithms in the mathematics curriculum, then the reeponsibility for
teaching the mathematics skill rests with the chemistry teacher. The

” . interweaving of skill application precludes any perfect sequence so that °

every sk111 in every area falls at exactly the desired p1ace.

The concept of/;c1ent1f1c notat1on and number of significant digits
is used Jjn chemistry, physics, electronics, and computer progrdmming. . N ‘

o ' . .
If the instructor in each.of these courses waits for someone else to .

>
-

teach the concept, the curriculum seq[ence log jams. All teachers in the

academic and technical arenas must hate the supporting skills to teach,

to some extent, a valid app;oach to these interrelated ccncepts. 7 ’
%riangles are used in drafting,_trigonometry, and physics, to name

a few, but who is to be responsible-for introducing the concept? If a

student.works with triahg1cs in drafting, he will probably -understand it

more thoroughly when the mathematics teachers introduce and eXpand the concept. .
Much of the secondary school phys1cs curr1cu1um is based on non- -

calculus concepts and derivation. Has the physacs teacher over-s1mp11f1ed

when he explains the vertical path of a toseed ball without mentioning

that velocity and acceleration are the first and second derivatives of

o _ th‘e equation of motion which describes that path? Probably not, but if .
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] f 4
incorrect and/or misleading information is given to Justify the explanation,

the student is placed in a position of having to decide which teacher is
giving out correct information. Most secondary students would neither
understand nor appreciate scientific study if they had to have post-
secondary skills to register for the class. Most secondary schools cannot
accommodate two levels of physics iqstruction, so communication betweeq
departments is vital, Neither department is 'right,'«but the student
must not be placed in the untenab]e‘position of having to make a choice,
The development of good prob]em‘;olving skills and accurate, arith=-
metic manipulation skills becomes the responsibility of a;1 who guide
students' learning. It is unthinkable tgat technology, scientific, or
mathematical exercises are conducted without taking advantage of calculators
and ot’ er electronic devices which reyw » jﬂg_gjﬂytiae and boredom from
the pursuit of knowledge in these areas. These devices shoild not sub-
stitute for, but should enhance; the acquisition of skills,
The electronic computer has become a cost-effective tool for assisting
the mathematician who in tdrn assists the scientist. The prevalence of
the micro-processor puts vast capability at the fingertips of those who

learn to take advantage of it. This is not to say that everyone should

become a programming'speéialist, but the use of prepared software and

some facility with computer hardware are vital to the support of technical

and scientific effort.

The chart which follows shows the relationship of skills in the areas

of mathematics, science, and technical expertise.
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Interrelationship of Skills

MATHEMATICS SCIENCE TECHNICAL
Critical Thinking All'areaSQ A1l areas
Problem Solving A1l areas All areas
Measurement Physics Drafting
Chemistry Electronics
Estimating A1l areas A1l areas
Algebra .
Interpolation A1l areas Electronics 1
Computation Chemistry Electronics
Physics Computer Programming
Scientific Notation A1l areas Computer Programming
_ Electronics
Significant Digits Physics Computer Programming
Chemistry Electronics
- Scale Factors Physics Computer Graphics
Geometry -
Angles Physics Drafting
Triangles Physics - Drafting
Lines/Curves Physics Drafting
2-Dimensional Space Physics Computer Graphics ‘
Drafting
3-Dimensional Space Physics Computer Graphics
Drafting
Numeration
Numbering Systems
Binary Computer Programming
Electronics
Octal Computer Programming
Hexadecimal Computer Programming
Electronic Calculator Chemistry Computer Programming
Physics Electronics
Simulation A1l areas A1l areas
Trigonometry ‘
Functions of angles Physics Computer Graphics
Translation of axes _ Computer Graphics
2-D Rotation Computer Grapnics
3-D Rotation Computer Graphics
Calculus Advanced Physics Computer Programming

Numerical Analysis Computer Programming

14 I
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Application/Problem Solving In A
High School Pre-Tech Program

As mentioned above in this document, a team approach to a high-tech
curriculum will greatly enhance the student's preparation for a technical
career. Mention has been made that the needed mathematics should precede
the use in physics, and that the required physical principles should
precede their application in electrical, and so on.

Further strengthening of the technical preparation can be easily
gained by examining each discipline to ascertain applicability of theory
to actual, real-world uses. For example, when teaching sine, co-sine and
tangents in trigonometry the instructor could show their application to
advanced drafting techniques, their uses in machining and NC programming,
as well as some applications in electronics.

The mathematics teacher will need to work very closely with the experts

in the other disciplines to discover relevant applicatians; however,

rudimentary technical applications should be well within the capability of

a good mathematics instructor. Motivation to learn, attention and retention
of mathematic principles wiil be strengthened if the student can see that
they are relevant to other studies and that they are tools with universal
application. ,

Physics should be taught utilizing the unified concept (Unifiea
Technical Concepts). In the unified concept all the major physical
principles (such as force) are taught successively across four physical .
domains - electrical, mechanical, fluids and heat.

As with mathematics, each new principle should be made relevant
through commonly recognized application(s). For example, moment arms

could be illustrated in terms of torque wrenches. A torque wrench can
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be fully conceptualized with a standard pull handle and & spring scale
("fish scale"). Each time a principle is mastered, problem solving should
be the capstone of the presentation. For example, in the torque wrench
exercise, the finale could be to determine how many pounds of force (at
the handgrip) are needed on an aétua] torque wrench to achieve a certain
torque output._

The point of using the moment arm/torque exercise is that principles

are related to a useful purpase: Thoroughly understanding moments of

force acting on an arm, how they translate to torque, how torque i§
measured and above all how to improvise an acceptable torque wrench!
Empty theory has been foiled againl

Graphics can also benefit from relating principles to applications.
Principles learned in geometry and trigonometry can be directly incorporated
into schematics and simulated mechanical parts and devices.

For example, a theoretical (simple) electricai circuit design can'be
assigned in physics or electrical class. Simultaneously, the graphics
assignment could be to do the circuit in a neat, professional schematic,
utilizing standard symbols and notations. Or, suppose that fluids are
being studied and the physics teacher challenges the student to construct
a simple hydraulic jack, calculating the areas, pressures and volumes
needed to 1ift a certain weight. The graphics application could be to
draw (to scale) the jack in standard 3-view format. (Allowance would be
made for lack of knowledge concerning seals, threads, etc, ggg_areas;
strokes, moment arms, ctc. would be required to be accruate).

The computar could be used to build an “engineering" or “"project”
notebnok (similar to that required in engineering and technical schools).

Given adequate software, the computer could also be used for long cal-
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culations, graphics and machine control programming (all highly ré1evant.
demonstrative uses of computer),

In tune with applications and problem solving, the creative instiuctor
bften challenges students with "fun" projects. Such events are highly
motivating and'often elicit amazingly creative solutions to the problem(s)
presented.

For example, when exploring acceleration and deceleration. a project
could be to calculate the velocity of an egg dropped from a certain height;
then, given certain materials, devise a way to decelerate and stoﬁ the
egg without breaking it. (A successful student might then be asked to
estimate the distance and rate of deceleration of the egg). The project
could be presented as a contest, with prizes awarded the winners.

With some thought and planning "fun" projects could involve more
than one teacher. The egg example could be assigned by the physics
instructor, the design drawn in graphics and the technical report @ritten
and edited on computer.

In summary, the dedicated, i;aginative staff of a high-tech high

school will take every opportunity not only to have their coursas highly

articulated apd interrelated but also will assure that mathematical,

physical and scientific principles are presented in terms of real-world

applications., Further, each principle learned would subsequently be

presented in a problem solving context (realistic, not highly contrived
and unlikely to occur in actual fact).

The key words in all studies are: relevancy and problem solving,

{For a discussion of how important this improvisational problem solving
approach is to the scientific and technical worker in modern high tech
companies see Michael Maccoby's discussion of "The Craftsman" in !is re-

nowned %treatise on management character types, The Gamesman.)
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Equipment & Materials

‘ Very often technical programs require materials and equipment of a
very specialized nature. Research done by the High Technology Project
over the past 3 vears has uncovered certain specific resources which may
be of value to the local school attempting to develop programs. While
not an exhaustive 1ist the following sources, in addition to the organi-
zations and publications mentioned in Part I of this section, can provide
information, materials and equipment. It should be noted that the provision
of vendor services to.technica1 education programs has become major new
market of enormous interest to many materials and equipment houses of
Tong standing{ It has also spawhed the typical proliferation of new
business ventures. Each purchaser must be cautious to carefully evaluate
products before they are purchased. JIt is also important to note fhat

. most of the activities that are conducted at the high school level can be
done without inordinate investments in hardware. The most expensive
investment will probably be in micro-computer systems and software including
computer aided design programs such as CAD-Apple which are currently
available. Educational institutions have recently been targeted for
drastic price discounts in.computer hardware and software by a number of
major vendors. )

Educators should also be aware that equipment and materials are
dated rapidiy in technical work. Whatever is purchased must be evaluated
in light of its ease of upgrade. A major source of printed material
should be articles from current journals and periodicals reprinted by

permission,
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Equipment & Training Systems Vendors

Feedhack, Inc.

620 Sprinrgfield Avenue
Berkeley Heights, NJ 07922
201-464-5181

Technovate, Inc.

910 Southwest 12th Avenue
Pompano Beach, FL 33060
305-946-4470

Heath Kit Zenith

Educational Systems Division
P.0. Box 167.

St. Joseph, Mi 43085

Amatrol

P,0. Box 2097
Clarksville, IN 47130
812-288-8285 -

Amptronics

401 W. Salem Avenue
Arlington Heights, IL 60005
312-876-0883

Festo Didactic

395 Moreland Road
Hauppage, NY 11788

516-435-0800

Anilam Electronics Corp.
5625 NW 79th Avenue

i jami, FL 33166
305592-2727 -
Brodhead-Garrett Co.
2448 Industrial Park Drive
Macon, GA
912-781-8952

TPC Training Systems
1301 S. Grace Avenue
P.0. Box 1030

Barrington, IL 60010

Tel-a=Train

309 North Market Street
P.0. Box 4752
Chattanooga, TN 37405
615-624-2628
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Atlanta Fluidpower Sales’

2264 Northwest Parkway, Suite G
. Marietta, GA 30067

800~-282-2553

Lab-Volt :

Dixie Educational Systems .
4814 Highway 78

Lilburn, GA a

404-979-4244 y

Learning Labs, Inc.
Electronic Training Systems
Box 122 -
Calhoun, GA 30701
404-629-4624

Lab Fabricators
1802 East 47th Street
Cleveland, OH 44103

Hickok Learning Systems
2 Wheeling Avenue

P.0% Box 2127

Waburn, MA 01888
617-935-5850

. Allison Associates

Box 313
Troy, MI 48099
313-689-2990

Wampden Engineering Corporation
99 Shaker Road
P.0. Box 563
East Longmeadow, MA 01028
413-525-3981
In addition most major producers of technical edhipment such as
Apple, IBM, Hewlett-Packard, Digital Equipment Corporation, Control Data

Corporation, and others have large Educational Products Divisions.
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Publishers

Addison-Wesley Publishing Compzny, Inc. ) (617) 944-3700
Jacob Way '
Reading, MA 01867

American Techﬁica] Publishars, Inc. : (312) 371-9500
12235 South Laramie Avenue
Alsip, IL 60658

Ballinger Publishing Co. (617) 492-0670
54 Church Street
Cambridge, MA 02138

Bobbs-Merrill Educational Publishing (317) 298-5517
4300 W. 62nd St., P.0. Box 7080 /
Indianapolis, IN' 46206 /

Byte Publications Inc.
70 Main Street
2 Peterborough, NH 03458

. Computeach Press (408) 997-3104
P.0. Box 20851 .
San Jose, CA 95120

Computer S£ience Press, Inc. (301) 251-9050 .
11 Taft Cf. S .
Rockville, MD 20850

Delmar Publishers Inc. . (518) 459-1150

50 Wolf Road
Albany, NY 12205

] ~ Digital Press , (617) 663-4124
1 12A Esquire Road o - .
Billerica, MA 01862

Elsevier Science Publishing Company, Inc.:
52 Vanderbilt Avenue \ .
New York, NY 10017 o 4

Gardner Publications, Inc. o (513) 231-8020
6600 Clough Pike ’
Cincinnati, OH 45244

Harper & Row Publishers, Inc. (212) 593-7000

10 E. 53rd Street
New York, NY 10022
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Pub]ishefs

Heyden & Son, Inc.
247 S. 41st Street
Philadelphia, PA 19104

Houghton ‘Mifflin

One Beacon Street
Boston, MA 02108

Industrial Press Inc.
200 Madison Avenue
New York, NY 10157

John Wiley & Sons, Inc.
605 Third Avenue
New York, NY 10158 -

L ttle, ‘Brown & Company
34 Beacon Street
Boston, MA 02106

McGraw=Hi11 Book Co.
1221 Avenue of the Americas
New York, NY 10020

MIT Press

. 28 Carleton Street

Cambridge, MA 02142

Osborne/McGraw-Hi11
630 Bancroft Way
Berkeley, CA 94710

Pergamon Press Inc.
Maxwell House, Fairview Park
Elmsford, NY 10523 '

Plenum: Publishing Corporation
233.Spring Street
New York, NY 10013

.Prentice-Ha11, Inc,
Route 9W :
Englewdod Cl1iffs, NJ 07632

- Princeton University Press
41 “1i1liam Street
Princeton, NJ 08540 ' ‘

-
[AS]
~J
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(215) 382-6673

(212) 850-6418

.(617) 227-0730

(212) 997-1221

(617) 253-2884

(914) 592-7700
(212) 620-8000
.—-—“-"\_‘.

{201) 592-2000

(609) 452-4900



Publishers

Productivity International Inc.
5622 Dyer St., Suite 220
Dq]]e*, TX 75206 '

Reston Publishing Company, Inc. (703) 437-8900
- 11480 Sunset Hills Road ’
Reston, VA 22090

Robert E. Keieger Publishing Company, Inc. (305) 724-9542
P.0. Box 9542 . )
_ Melbourne, FL 32902

SEAI Institute
P.0. Box 590
Madison, GA 30650

Scciety of Manufacturing Engineers (313) 271-1500
One SME Drive, P.0. Box 930 ' .
Dearborn, ML 42128 . g

South-Western Publishing Co. (513) 271-8811

5101 Madison Road /
Cincinnati, OH 45227
Sterling Swift Publishing Co. (512) 444-7570

1600 Fortview Road
Austin, TX 78704

St. Martins Press
175 Fifth Avenue
New York, NY 10010

Synapse Information Resources, Inc. | (607) 748-7885
* 912 Cherry Lane
Vestal, NY 13850

Texas Insfrdment Learning Center
P.0. Box 225012 MS-54
Dallas, TX 75265

van Nostrand Reinhold Co. ) (212) 265-8700
135 W, 50th Street .
New York, NY 10020
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Appendix A
UTC Physics Description

UTC Physics

4 special word must be said about the physics program in our cur-
riculum. Unified Technical Concepts will be the vehicle by which math,
physical laws, and dynamic technical systems will be 1nterre1eted.

UTC is different from other physics courses in ehat~1t approaches
the subject from the standpoint of 13 concepts, each of which has
applications in thermal, fluidal, electrical and mechanical systems,
By first learning the concept and then-its application in laboratory
exercises“across the various systems the technician prepares a kﬁow—
ledge base for all the sorts nf interactions to be encountgreg in the
complex technical environment of tuday. The following description will
acquaint you in more detail with these concepts,

Thifteen concept modules form the backbone of UTC. Each of these

modules presents a single concept and discusses the application of that

concept in each energy system.

1-0 FORCE ./

This module describes forcelike quantities as "the physical quantities
that produce motion." The fo1lowing forcelike quantities are discussed:
Mechanical - forc: and torsue.
Fluidal - pressurz difference.

Electrical - potential difference.

Thermal - temperature difference.
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2-0 WORK

2

"Work" is defined as "the product of a forcelike quantity and a dis-
placementlike quantity" in each energy system.

3-0 RATE .
"Rate" refgrs to hthe quotignt of a diéplacementlike quantity and
elapsed time" in each energy system. | . '

4-0 MOMENTUM
"Momentum" is defined as "the produdt'oﬁ mass and velocity" in
mechanical and fluidal systems. Electrical.and(fhermal systems
are not discussed as momentum analogje§ because these systems aré
beyond the scope of UTC. , |

5-0 RESISTANCE
Static and sliding friction are investigated as examples of resis-
tance in mechanical systems. For other energy systems, resistance
is defined as "the ratio of forcelike 9uant{ty to rate,"

6-0 POWER |
"Power" is "the rate of doing work" in each energy system. The
efficiency of devices that com)e’rt power from one form (energy 9
system) to another is defined and diséqued. . |

7-0 POTENTIAL AND KINETIC ENERGY | ?
This module describes potential and kinegic enefgyhjn each ?nefgy
system, the conservation of energy and Bernoulli's equafion in
fluidal systems,

8-0 FORCE TRANSFORMERS
"Force transformers" are defined as udevices that transform an
input force]%ke'quantity'gnd displacement\into a different output

forcelike quantity and displacement in the same energy system

*
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9-0

10-0

11-0

12-0

' 13-0

(1evers, hydraulic jack, electrical transformers)." Thermal systems

are not discussed, as there are no transformers of temperature difference.

ENERGY CONVERTORS

The operation and efficiency of devices that transform energy from o
one energy system to another are described in this module. A wide

variety of energy convertors are discussed. Optical (1ight) energy

is included in this concept as a fifth energy systam. : —
TRA::SDYCERS ,z

"Transduceps" are defined as "devices that change information-carrying

signals in one energy system to signals in mechanical, electrical, or'

fluidal systems." The operations of several important transducers in

each energy system‘gfe discussed as examg]es.

VIBRATIONS AND WAVES

The basics of wave behavior with examples in mechanical, fluidal,
and electrical systems are exp]aine&. The discussion includes the
wave equation..éuperpositioﬁ,(and interferende of waves.

TIME CONSTANTS * |

In this module, an exp]angt{pnfjs giyen of tjme constants used to
describe exponential Encrease and;decrease functions4jn'a11 energy ’
systems.' Radid&s{jye decay is included as.an additional examp}e.

4

RADIATION T < ] SRR

Both electromaﬁne;ic and ‘particle radiation are explored in this -
module, which is organized under.these two topics rather than under
the uéu;1 energy s&stems. PrOpértiés‘of electromagnetic radiation
discussed-ihclude the inverse square law, polarization, reflection,

and refraction.



To conclude our discussion of the systems approach we will use an
example of the way a technician might apply knowledge of a single unified
technical concept to understand Ee]ationships within a device or process
examptifying several systems. S

One of the unified concepts is real opposition, or resistance. An
explanation of how the cross-disciplinary nature of this principle is
applied may be illustrated as follcws.

Because there is a well-known definition for electrical resistance,
we may start with ’

R(e]ect) = volts/ampere

Then, by multiplying numerator and denominator by time, we obtain

R(elect) = (vo]ts‘ ‘seconds; volt - seconds
ampere) (seconds) = coulombs

we might then generalize to obtain a universal definition of resis-

tance. Volts can be considered electrical pressure, and most frequent]y_
this equation will be applied to cases where there is a difference in
pressure of force. Therefore, the numerator is converted to a difference
in pressures. In place of the electrical quantity expressed in coulombs,
we might divide the numerator and denominator by time and -convert the
éouluﬁbs/time to quantity/time, with the result that

sure] - pressurep)

. _ (pres
Resistance quantTty/tine

This single definition can then be used for thermal, hydraulic,
electrical, and pneumatic phenomena. Regardless of the type of energy
involved (excluding chemical and potential energies): there cannot be
a transfer of energy from one location te another without having a dif-
ference in levels exist. It always takes time to effect this transfer,

and some definite quantity must be involved in the transfer. As the
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student attempts to work inr several fié}és{‘he is aided if he can see
that the various types of systems all followﬁkhe same basig laws.

In the situation deéling with heat, thermal resistance is measured
by the temberature differential and the time reqﬁired to transfer some
amount of heat. Perhaps it is more evident in the thermal case than
in the electrical example that there is always a difference in the
temperatures which governs the rate at which heat is transferred from
one point to another. If 01e assumes that when one temperature is 400
degrees and the other is 20) degrees, 200 Btu are tfansferred in an

interval of 10 minutes, for example:

R _ (T, - Tg) (time)
thermal = quantity*of heat transferred
Rtnermal = (400 deg - 200 deg) (10 min)
200 Btu
Rtherma] = (200 deg differential) (10 min)
" 200 Btu
Rtherma] = (10 deg) (min)
1 Btu
or with seconds as the measure of time this becomes
Rthenna] = (200 deg) (600 sec)
200 Btu
Rthenna] = (600 deg) (sec)
1 Btu

A fluid cannot be made to flow through a pipe or conduit unless there
is some differential pressure available to overcome the resistance or
retarding effect of the conducting tube, pipe, or vessel. Thus, in the

fluid case, f}ﬁﬂ!&ither liquids or gases, we know that a differential

‘pressure is required to establish some given rate of flow. For example,

if the inlet pressure to a pipe is 50 psi, and the pressure 40 feet

downstream is 45 psi when a fluid is'f1owing at the rate of 20 1b/min,
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then the resistance of that section of pipe is easily ascertained

from our definition.

_ differential pressure
rate

_ (differential pressure)
quantity/time -

By simple algebraic manipulation this becomes

_ (differential pressure) (time)

R quantity
R = (50 psi - 45 psi)
20 1b/min

R = gp 1l = T-Tormin

This means that there is a quarter of a psi pressure drop for each
1b/min change in flow rate.

When dealing with different types of flow situations, whether we
are concerned with electrical, thermgl, hydraulic, or gaseous conditions,
the same relationships hold. Consequently they may all be expressed
the same way.

If we use the basic concept that it is a "difference in pressure
level," whether it be electrical pressure in volts, thermal pressure
in terms of degrees, or pressures in pounds per square ihch, then a
single type of elementary circuit can be used for all of these funda-
mental relationships. In some cases, E12 might be zero.

But such a simple circuit goes far beyond "resistance" relationships.
Mastering its concepts paves the way to the understanding ot direct-
current motor controls which are based upon the difference between the
impressed and the self-generated internal counter-electromotive force.

Electrical transformer action also depends upon this "difference" of
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potentials. In the case of the saturable reactor, one of the potentials
. s caused to go to zero at some desired moment. Thus one simple relation-
ship can be used over and over again to explain hydraulic, electrical,

and thermal relationships and phenomena.
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APPENDIX B

This appendix contains a career decision model that can be used as a
handout or information sheet to assist students in a career guidance

session. Career guidance is an essential function in a pre-technical

Science, and Technology, students should "walk through" a career

decision making process. This is a good time to employ a resource v
person from the guidance staff. The poor career development of high
school .students is one of the greatest disservices that has ever been done
to young people. A career for most people today, is that thing which
defines *hem as human beings. There would seem to be no more important
function of schooling than to prepare youngsters very carefully for

what they will be doing for the rest of their Tife. Unfortunately, we

most often prepare them only for mbre schooling.

129

141



Appendix B
HOW DOES A PERSON DECIDE IF A CAREER IS RIGHT OR NOT?

This extremely important question is being asked these days by many
— ‘ people from all age groups and from all walks of life. Reniember that
your career is a strong and definite statement that you make about who
an2 what you are in this world. A carger decision sho:1d be made
carefully with a 1ot of thought and with'a.]ot of information. Since
you are enrolled in this course you obviously have made a choice, by
some Mmeans or another; to pursue an education for technical careers.
Throqghout your career, you will’be faced wifh making choices about
your future. Should I work for this company or that company? Should.
I go into design work or not? Should I become a manager? Should I
go out on my own? What about my family? Are they part of my career
decision? In this section, we present some background information
* and a decision-making model for“career choice that car be used by anyone.
“You will notice that the model used (Figure 1) closely resembles the
“flow chart sort of diagram used to develop computer programs. The human
mind is really the most complex comhuter of all and péop]e think much
1ike a computer "thinks." We all must deal with yes=-no, and go/no-go
kinds of questions. A computer has a lot of trouble in programming a
"maybe" and so do people. Let's look, then, at ; way to realistically

evaluate any career decision.
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OSSCRInE
LIPESTYLE OMRCTIVES

-—

/
00 YOU KNOW CARERERS 1DENTIFY
THAT SUPPORT OBJECTIVES? INFORMATION SOURCAS [
{usT)
- K]
AEsgAncH ©

CAN YOU SELECT
FROM THIS GROUP?

A.0,6.D)

DO YOU HAVE

X

TAKE EVALUATILNS

ARE THERE a0 TO
OTHER CBSTACLES? s
NO
@0 T
= ’
[ DEVELOP PLAN ]

’

Fig. 1 A pragmatic model for career decision mak:ng.
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QUESTION I: WHAT DO I WANT MY LIFE TO BE LIKE?
Contrary to some career .decision mode™, this one does not begin by .
asking you to think specifically about a Job. There are probably a
number of jobs with which you could be happy. Conversely, there is
probably no cne job with which you will be completely happy all the time -
even though thét'may be your goal. In order to make a career chnice
realistically, you must examine something more fundamental than what kindh
of work you want to do; you must confront the more basic question of
how you qut to live.
Try to describe and write down what you want your 1ife to be like,

and consider at least the following five subquestions.

what "Things" Do I Want? |

What kind of house do I want to live in? What kind of car do.I
want to drive? What kinds of things (which cost money) do I want to .
be surrounded by. Try to be as specific as you can right down to the
carpet on the floor and the car(s) in the garage. The real question
that you probably will have to confront on this point is - "How much

money will I have to make to have all these things?"

What Kinds Of Relationships With Others Do I Want?

This is an extremely critical question. 'Your work affects your
ability to have gertain kinds of relationships. For example, a person
who travels a lot in a job gives up time with his or her family, and
there is no way around it. Try to describe the kinds of relationships
that are important to you in terms of spouse, kids, parents, friends,

coworkers, and anyone else. Your career will directly influence the

kinds of people you are around and how much you are around them. ‘
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What Sort Of Life H111‘Be Self-Fulfilling For Me?

This a difficult and somewhat phi]osophica] question, but it 1ies at
the heart of many, many decisions irn all areas of 1ife. More simply put,
it means "What will I have to be, do, and have io feel good about me?"
This question involves tpe level of success, achievement, recognition,
or reward that is important to you. It also includes finding ‘out what
signifies or represents succéss to you. It involves the question of
"Where does my sense of self-satisfaction come fr;h?" This is a question
you may need help in clarifying, and it is good to talk it over with
other people that you trust such as parents, friends, teachers, counselors

or whosoever's opinion and advice you respect.

What Do I Want To Be Able To Do With My Time?

This question is intended to get at the idea of flexibility in 1ifg-
§ty1e° Work will have a direct bearing upon how much time you have to
do things that are important to you. Maybe you had rather work more than
have free time. Vacation time, length of work day, even 1engtﬁ of work
year all are important to this/dhestion. Everyone has a personal view
of how he or she wants to spe:iid time, and how much time on what activity.

Getting clear on this issue can definitely influence a career decision.

What Do I Want My Surroundings To Look Like?

This question involves things like what part of the country you
like best, whether you prefer rural, urban, or suburban settings and
so forth. It also involves more direct questions about work such as

indoors, outdoors, office or factory, and so on.
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The answers to all these questions will require a series of personal

‘and perhaps family trade-offs and negotiations. There is probably no .
person 1living who has achieved exactly what he or she wants on all these
dimensions. There are also many people we would consider wildly |
successful in achieving'their 1ife style ambitions who are profoundly -
unhappy. What each person must do is settle on personal criteria for

what a "good enough" life is, and then go out and get it. These

criteria for "good enough" 1ife must precede a specific career decision

and they have definite implications for career choice as you can see.

QUESTION II: WHAT CAREERS ARE CAPABLE OF SUPPORTING MY LIFE STYLE
OBJECTIVES? |

This question requires that a certain amount of information be
collected from various sources. When life objectives”have been identified
and written down in priority order, the information bathered about various
careers can be compared with them. In this way differences between what ’
we want from our life and the specific characteriﬁtics of various careers
can be evaluated. '

There are a number of ways you can collect more specific information
about the nature of various occupationsﬂ Possible sources include:

- Career publications such as the Dictionary of Occupational Titles,
The Occupational Outlook Handbook, as well as many similar books
available through typical school guidance offices and libraries.

- Career fairs or seminars organized by schools, churches, civic
groups, and other organizations, where representative individuals
from numerous job roles share personal insight and information.

- Personal contacts with job ihcumbents. This approach to seeking
information probably is the most common and the most poorly done. .
Family, friends, teachers, social contacts, business contacts, all
are potential sources of information. This kind of search can be
the most beneficial if it is planned and systematic with specific ‘

questions, formulated on the basis of life objectives, prepared
ahead of time.
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. - Formal career counseling either.through paid consultation, visits to
school guidance offices, or use of community organizations who
. sponsor-such activities.
The research conducted above should address and hopefully answer
- .°- questions about saTary. working conditions, free time, fringe benefits,
nature of the work (Is it fun and why?), and so on. The career decision-
 making process cannot be any better than the quality of 1nform§t10n we
are able to gather about jobs. The sad reality, however, is that many
people rely on their personal obinion and projections of what they ,think
a job entajﬂﬁ. This kind of "armchair quarterbacking" is usually little

more than fantasizing and no more valuable to a real career search than

daydreaming.

- QUESTION III: CAN I SELECT FROM THIS GROUP?
This question is a definite Zzcision point. It requires that you°
. put all your jnformation about yourself an?).,the work world together,
write down the careers that appear to meet your needs and make a Probable
Best Choice (PBC).” If you still cannot.ﬁﬁach PBC (your answer to question
III.is no), go back to question II. Ef you can select a PBC, go to

question IV,

QUESTION IV: DO I HAVE THE ABILITY TO PERFORM IN THIS CAREER?

This question brings you to the ability assessment portion of the
career decision process. As you collect the Job-specific information
in Question II, you collect information on what sort of things are
‘required to be hired. This includes training and educational requirements
and the 1ike. It also should include enough about the skills required g
for you to make a fairly accurate dgcision about whether you feel youj

’ have the ability. Ability assessment can be a problem, however. Most
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peaple underestimate o ignore facets of their own ability. You may L

never knowh what yBu can do unless you apply yqurself. If you are in . ‘ g
question about whether you have the ability there are several standard
ways to test yourself as follows: “ _
1. Scholastic aptitude tests which measure the ability to succeed

in academic areas required in the career.
2. Vocational and general aptitude é;sts which measure motor skills

(hand to eye, etc.) and other specialized;skills necessary for a’

career. ,:;<&h ' t v
3. Personality inventori;s ich evaluate your personality charactaristics

and compare them to those of peoplg who are successful in a specific

- | career, ) ~

A1l of tﬁé above are available from most-schoﬁ] counseling.offices
and from some private career counselors. When in doubt, assume you do - . '
have the ability and evaluate yourself on the prope;'test. Remember that
in many ways, desire is more important that ability.

If you find that your answer to question IV is no, go baék to question -

II1; select your next PBC, and continue. .

QUESTION V: CAY I LIVE WITH THE WORK DAY IN AND DAY OUT?

.This may seem to be a strange]ﬁpestion. It might also seem to
come somewhat late in the decision process. Many career decision models
actually start with this question. They try to take elements of an
individual personality and assess whether or not they.are compatible

with the nature of wark perforwed in a given job. The model we have 4

been using assumes that most of us could be happy with many different

kinds of work if the job it§e1ﬂ met more basic motivatiqﬁﬁ and objectives

in our lives. The nature of the work question must be carefully considered,
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. M . /\7 .
however. Many of us would be happy with the kind of 1ife that the career

' . . of neurosurgeon provides and we might have abi?ity and time to reach that ' -
goal, but 1f7we faint.at the sight of blood, this is hardly a realistic
choice. ~)

At this decision poisi; ask yourself a series of subquestions‘suéh as:

~= Is the setting in which the work is perforﬁed‘acceptable tﬁ“me?

- Are there restrictions in time, flexibility, movement, eté.; whi?h

are offensive? | | '

- Is the specific.conduct of the work unbearably }rduous. oring, ;tc?-«: ©oa

ezl

- Can I really enjoy doing this sort of thing day in and day ?/Hj:/

’ .
#t be exciting .and "enough" fun to meet my other objectives? "\
- Can I be good at this job?
It is the carefully considered opinion of the authors tha. unless
. the answer to at least that final question "Can I be good at f"t:his 30b?“ >/
r is yes, yBu'will never be satisfied with tﬁe work you do no matter what/
seeming reward it offers.
‘Again consider all these questions carefully. Return to Question III~

if the answer is no. Proceed if the answer is yes.

QUESTION VI: DO I HAVE THE TIME TO_ﬁEACH MY CAREER CHOICE GOAL?

This question is much more crytical for people making a career choice
or career change in mid-life andlbeyond. Very often certain careers
require an amount of training or'preparation time that is unrealistic
for some people at a given agg? This is purely an individual assessment.
Most people in their twenties;feel they have the time to reach virtually
any career goal, and they probably do. Career time, as the term is used

’ here, has several components:

[£.8
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Exploration time - fime needed to make a choice.

¢
]

Training time - the time needed to get the necessary skills.

Search time - the time needed to find employment,

.
s
[}

Development time - the time to work at the job to meet a desired
persohal level of success based on life objectives.

If the answer to Question VI is no, return to Question III.

[

QUESTION VII: ARE THERE OTHER OBSTACLES°
/ V/—““Q: There could perhaps be other barr1ers not previously mentioned in
the decision model. Such thimgs as family wishes, spouse's career, and
physi¢51 h&hdicaps_cou]d stand in the way of a career. At this point
a person must decide if the PBC selected is worth the effort in over=
conring any remaining obstacles. If the answer is no, the next choice
is selected begiﬁhing as usual at Question III, '
@
// \\\“mjf THE IMPLEMENTATION PLAN
- . QTen a decision has been reached via the above process, all that
i\\? 'eremains is the implementation of that decision. In order to achieve a
career goal, it is best to Jevelop in some way a plan that spells out
what activitiés and outcomes are p1anned.. This may seem 1ike an un-
necessary step, but it can do a great deal to clarify the process and
to keep/ﬁbdectives clearly in mind. \“§Régcareer decision choice process
.will most likely occur several t1mes in the average person's working
11fet1me. A ~_.éssessmen’c of life obJect1ves W be necessary and change
in the nature and importance of certain items is to be expected.‘ A

W
clear-cut plan is always an asset in keeping life's daily processes and

\ °
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A career implementation plan might contain the following sorts of

. ~ items:

/

- A list of 1ife objectives and goals.

- Methods and sources for obtaining necessary training and education.

- Time frames <or achievement of certain objectives. |

- Potential sources of suitable employment.

- Ideas for conducting a job search and interview campaign.

- The names of persons who wish to help or give information in a career
search,
The success of the implementation plan and the securing of job

satxs%&ction will depend upon points to be covered.in the next section

dealing with characteristics of successful career people.

I WANT TO PROGRESS AND GROW ON MY JOB. HOW DO I DO IT?

. Job dissatisfaction and frustration is an important question that
psychologists and sociologisgs have been intensively examining in
recent years. Most psychologists would agree with a definition of

job satisfaction that says job satisfaction = reward attained. When
Yeward expected

attained reward is equal to or greater than expectéd'reward, thiﬁgs go
fine. When attained reward is less than expected reward, frustration
dissatisfaction result. For most people reward is equal to achieving
promotion and advancement or in some other way being successful enough
at we- to meet life objectives.

How-do we grow, advance, and achieve the expected reward (in terms
of 1ife objectives) that made us select a specific career in the first
place? The person who sclects a career in technology needs to consider

‘ the foHowin} criteria for success and advancement in the field:
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1. Am I willing to-.be dedicated to the objectives of my employer?
2. Am I willing to perform tasks that other people are unwilling or ‘
unable to perform? ' o
3. Do I get along positively with my fellow workers, managers, customers,
and others?
4. Do I stay abreast of current -developments in my technology?
5. Dol evaliate and. update my. technical knowledge and skill? ./////,,///”’f
6. Will I assume responsibility without being asked? |
7. Have I carefully set my personal objectives and worked to attain~theéé
8. Am I willing to accept only my best as being good enough for me?
If you can answer yes to all of the preceding questions,. there is.
little doubt that you will progress and grow as an engineering technician

and you will receive the rewards that your chosen career can offer to you.
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Federal law prohibits discrimination on the basis of race, color or national origin (Title VI of the Civil
Rights Act of 1964); sex (Title IX of the Educational Amendments of 1972 and Title II of the
Vocational Education Amendments of 1976); or handicap (Section 504 of the Rehabilitation Act of
1973) in educational programs or activities receiving federal financial assistance.

Employees, students and the general public are hereby notified that the Georgia Department of
Education does not discriminate in any educational programs or activities or in employment policies.

The following individuals have been designated as the employees responsible for coordinating the
department’s effort to implement this nondiscriminatory policy.

Title II - Ann Lary, Vocational Equity Coordinator

Title VI - Peyton Williams Jr., Associate Superintendent
of State Schools and Special Services

Title IX - Myra Tolbert, Coordinator

Section 504 - Jane Lee, Coordinator of Special Education

Inquiries concerning the application of Title II, Title VI, Title IX or Section 504 to the ). slicies and
practices of the department may be addressed to the persons listed above at the Georgia Department of
Education, Twin Towers East, Atlanta 30334; to the Regional Office for Civil Rights, Atlanta 30323;
or to the Director, Office for Civil Rights, Education Department, Washington, D.C. 20201.

-
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Program Improvement and Evalustion
OfMioe of Vocational Education
* Georgia Dapertrment of Education
Atlanta, Georgle 30334
Charies McDanlel, State Superintendent of Schools
‘m . .
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